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PREFACE 



This book is part of a nine-volume set entitled "Fundamentals of 
Electronics" . The nine volumes include: 

Volume la - NavPers 93400A-la, Basic Electricity, Direct Curre.it 
Volume lb - NavPe r s 93400A-lb, Basic Electricity, Alternating Current 
Volume 2 - NavPers 93400A-2, Power Supplies and Amplifiers 
Volume 3 - NavPers 93400A-3, Transmitter Circuit Applications 
Volume 4 - NavPers 93400A-4, Receiver Circuit Applications 
Volume 5 - NavPers 93400A-5, Oscilloscope Circuit Applications 
Volume 6 - NavPers 93400A-6, Microwave Circuit Applications 
Volume 7 - NavPers 93400A-7, Electromagnetic Circuits and Devices 
Volume 8 - NavPers 93400A-8, Tables and Master Index 

If you are becoming acquainted with electricity or electronics for 
the first time, study volumes one through seven in their numerical 
sequence, If you have a background equivalent to the information con- 
tained in volumes one and two, you are prepared to study the material 
contained in any of the remaining volumes, A master index for all 
volumes is included in volume eight. Volume eight also contains 
technical and mathematical tables that are useful in the study of the 
other volumes. 

A question (or questions) follows each group of paragraphs. The 
questions are designed to determine if you understand the immediately 
preceding information. As you study, write out your answers to each 
question on a sheet of paper. If you have difficulty in phrasing an 
answer, restudy the applicable paragraphs. Do not advance to the next 
block of paragraphs until you are satisfied that you have written a 
correct answer. 

When you have completed study of the text matter and written 
satisfactory answers to all questions on two facing pages of the book, 
compare your answers with those at the top of the next even- number ed 
page. If the answers match, you may continue your study with reason- 
able assurance that you have understood and can apply the material 
you have studied. Whenever your answers are incorrect, restudy the 
applicable material to determine why the book answer is correct and 
yours is not. If you make an honest effort to follow these instructions, 
you will have achieved the maximum learning benefits from each study 
assignment. 

Follow the directions of your instructor in answering the review 
questions included at the end of each chapter. 
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CHAPTER 41 
CATHODE RAY TUBE 



The following paragraphs introduce the OS- 
CILLOSCOPE and the function of the oscillo- 
scopes major components. A full description 
of the major components of the oscilloscope 
will be given in subsequent chapters. 

41-1. Use of Oscilloscopes 

The oscilloscope is designed for use as a test 
instrument. It is capable of visually displaying 
the results of any number of tests on an elec- 
tronically excited screen. 

Among the oscilloscopes many practical ap- 
plications are the following: alignment of radio 
and radar receiving and transmitting equipment, 
hum measurement, frequency comparison, wave- 
form observation, percentage of modulation, 
and many other similar applications. A block 
diagram of the oscilloscope is sKown in Figure 
41-1. 

41 -I. Power Supply Requirements 

The power supply of an oscilloscope must 
provide a filtered low to medium B+ potential 
as required by the individual tube circuits, and 
a high value of B + for the cathode ray tube. 
These power supplies are respectively termed 
the low voltage (LV) power supply and the high 
voltage (HV) power supply. The LV supply, 
normally ranging from 100 to 500 volts, is a 
high current supply, and the HV supply, ranging 
from approximately 1000 to 5000 volts, is a low 
current supply. 

41-3. Cathode-Ray Tube Circuit 

The CATHODE -RAY TUBE CIRCUIT consists 
of a cathode-ray tube (CRT) and its related 
controls, the INTENSITY CONTROL and the 
FOCUS CONTROL. The CRT is the visual dis- 
play device of the oscilloscope. The CRT 
operates in the following manner: a beam of 
electrons leaves the cathode of the tube, is 
accelerated through the tube, and strikes a 
phosphor coated screen which glows at the point 
of impact. This beam is focused to a sharp 
point by the action of the focus control. The 
brightness (or intensity) of the beam is controlled 
by the intensity control. The beam sweeps the 
screen in the horizontal and vertical directions 
when the appropriate voltages are applied to the 
HORIZONTAL and VERTICAL DEFLECTION 



PIJVTES. The resultant trace left by the beam 
is a visual presentation of a voltage waveform 
in the circuit being examined. 

41-4. Vertical Deflection Amplifier Circuit 

The voltage waveform to be examined may 
be applied directly to the vertical deflection 
plates of the CRT. In most cases, however, 
the voltage to be presented is either too s mail 
or too large in amplitude to be examined. It 
must be either amplified or attenuated. The 
amplification or attenuation of the input to the 
vertical deflection plates is accomplished by 
the VERTICAL DEFLECTION AMPLIFIER CIR- 
CUIT. 

If a voltage is applied to the vertical deflection 
plates without a voltage applied to the horizontal 
deflection plates, only a thin vertical line will 
appear at the face of the scope. 



Figure 41-1 - Block diagram of the basic 
oscilloscope. 

41-5. Horizontal Deflection Amplifier 

The purpose of the HORIZONTAL DEFLEC- 
TION AMPLIFIER is to establish the desired 
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amplitude of sweep voltages applied to the hori- 
zontal deflection plateB of the CRT. The sweep 
voltage will control the beam deflection across 
the face of the CRT. The input to the horizontal 
amplifier maybe selected from the SWEEP OS- 
CILLATOR in Figure 41-1, or from some ex- 
ternal source. 

If the screen of the CRT is observed without 
a vertical signal applied, only a horizontal line 
would be present on the face of the CRT. The 
length of the horizontal line is dependent upon 
the amplitude of the sweep voltage applied to the 
horizontal deflection plates. The amplitude of 
the sweep voltage applied to the horizontal de- 
flection plates is controlled by the HORIZONTAL 
GAIN CONTROL. 

41-6. Sweep Circuit Oscillator 

The SWEEP CIRCUIT OSCILLATOR provides 
a voltage which is applied to the input of the hor- 
izontal amplifier. In order for the time base 
across the face of the CRT to be linear, thus 
preventing a distorted signal on the screen, the 
rise of voltage of the sweep circuit, which is a 
sawtooth generator, must be linearwith respect 
to time. The decay time of the sawtooth wave- 
form must fall or return to its original value 
as rapidly as possible. This must be done to 
assure that the electron beam returns to the 
left side of the scope as rapidly as possible. If 
this were not done, a portion of the signal under 
observation would not be seen. 

41-7. Sweep Synchronizing Circuit 

The type of sweep circuit normally used in 
an oscilloscope is a free-running sawtooth gen- 
erator. This type of circuit is nota particularly 
stable type. To observe a signal on the face of 
the scope, the sweep frequency and the frequency 
of the signal to be observed must be synchronized. 
In order to achieve synchronization of the sweep 
oscillator with the frequency under observation, 
a synchronizing signal must be obtained from 
the signal under observation and applied to the 
sweep circuit. This operation will insure that 
the sweep will always start at the same position 
in the observed cycle. The synchronizing sig- 
nal may also be obtained from the line frequency 
or some outside source. 

41-8. Intensity Modulation Amplifier Circuit 

In most oscilloscopes, there is a separate 
amplifier known as the INTENSITY MODULA- 
TION AMPLIFIER. When the circuit is oper- 
ating, either a positive or negative signal is 
obtained from it and fed to the cathode or con- 
trol grid to vary the bias on the CRT. This will 
change the density of the electron beam, there- 
by changing the intensity of the trace. The most 



common use of this circuit is to take a signal 
from the sweep oscillator having the exact time 
duration as the retrace time of the sweep, am- 
plify it, and use it to bias the CRT to cut-off 
during the time for retrace. This action is 
known as BLANKING. 

CATHODE-RAY TUBE 

The CATHODE-RAY TUBE (CRT) is a special 
type of vacuum tube in which a beam of electrons 
is made to strike a phosphor coated screen and 
produce light. By moving the beam over the 
phosphor screen, patterns of light are produced 
which are a visual representation of the voltages 
used to move the beam. Thus, the electron beam 
can be used to trace pictures of the voltage wave- 
form existing at some point in a circuit. 

When the cathode -ray tube is used to analyze 
voltage waveforms, the cathode-ray tube and 
its supporting circuitry are called an oscillo- 
scope. As a test instrument, the oscilloscope 
is a device whose versatility is limited only by 
the skill of the operator. Whereas the volt- 
meter is capable of little more than amplitude 
measurement, the oscilloscope can be used to 
measure current and voltage amplitude, fre- 
quency, phase, and time, in addition to permitting 
the operator to actually see the waveform under 
test. Distortion in a waveform is generally not 
apparent from a voltmeter measurement, but 
can be quickly recognized from the pattern traced 
out on the screen of the CRT. 

Since the electron beam is nearly weightless 
the beam can be deflected almost instantaneously, 
permitting the observation of high frequencies, 
or pulse waveforms of nanosecond duration. 
The ability of the cathode-ray tube to measure 
minute intervals of time makes'it an ideal de- 
vice for the display and measurement of the 
information obtained from radar and sonar 
systems. With the addition of intensity mod- 
ulation the cathode- ray tube becomes capable of 
displaying moving pictures, hence, the miracle 
of television. 

41-9. CRT Construction 

The envelope of a cathode-ray tube consists 
of a large glass bell with a long 
cylindrical glass tube called the "neck. M As 
shown in Figure 41-2, the phosphor screen is 
deposited on the inside of a glass faceplate 
covering the end of the bell. The electrodes 
which form the electron beam comprise an 
assembly called the ELECTRON GUN. The 
electron gun assembly is placed in the neck of 
the tube and connects through internal leads to 
the pins on the base. The beam is moved either 
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Figure 41-2 - Cathode-ray tube assembly. 



horizontally or vertically by two pairs of DE- 
FLECTION PLATES between which the beam 
must pass on its way to the screen. These 
plates are mounted on, but not part of, the 
electron gun. In some types of cathode - ray tubes 
the beam is deflected magnetically by a coil 
placed around the neck of the tube. The mag- 
netically deflected CRT does not use deflection 
plates. Thus, cathode-ray tubes are classified 
as either ELECTROSTATIC or ELECTROMAG- 
NETIC depending on the method used to deflect 
the beam. 

The inside of the bell of a cathode- ray tube 
is covered with a conductive graphite coating. 
This coating, called AQUADAG, provides shield- 
ing from stray fields which might interfere with 
the electron beam, prevents light from striking 
the back of the screen and most important, 
gathers the secondary electrons emitted when 
the phosphor is bombarded by the electron 
stream, returning them to the cathode through 
the accelerating anode power supply. 

Once the electron beam is formed by the gun 
assembly, it must travel from several inches to 
one foot or more, before reaching the screen. 
Since even a small number of collisions between 
the electron beam and air molecules would 
adversely affect the operation of the cathode-ray 
tube, the tube must be highly evacuated. The 
high degree of evacuationand large surface area 
of the tube makes the tube especially vulnerable 
to dangerous implosions of tremendous force. 
In many cases, sudden jarring, or slight nicks 
or scratches in the glass are sufficient to cause 
an implosion. Great care should be exercised 
when handling cathode- ray tubes, and their in- 
stallation or removal should not be attempted 
without the p rotection of safety goggles and heavy 
gloves. When servicing equipment containing 
cathode-ray tubes, care should betaken that the 
tube is not bumped or scratched by tools. 



In the following topics, each part of the CRT 
will be described separately. 
41-10. Phosphor Screen 

The function of the phosphor screen is the 
conversion of the kinetic energy of the beam 
electrons into light (radiant energy). As one of 
the beam electrons strikes a phosphor atom the 
energy of the beam electron is transferred to 
one of the planetary electrons of the phosphor 
atom. This causes the electron in the phosphor 
atom to jump to a higher energy orbit farther 
from the nucleus. As the atom is thus placed 
in an unnatural or EXCITED state, the electron 
will try to give up the excess energy and return 
to its normal orbit. In returning, the electron 
releases its exce ss energy in the form of radiant 
one r gy . 

The wavelengths of the energy quanta emitted 
by the phosphor atoms extend from the ultra- 
violet, through the visable spectrum, to the 
infra-red. Thus, both light and heat energy are 
given off by the screen. Should the energy of 
the beam electrons be too great, the heat devel- 
oped within the, phosphor can alter its chemical 
characteristics causing a burned spot on the 
screen. Once burned, the screen is permanently 
damaged and will no longer produce light over 
the area of the burn. When using a CRT, the 
intensity of the beam should never be greater 
than that required to produce a usable amount of 
light on the screen. 

The characteristics of the phosphor depend 
on its chemical composition. Phosphors are 
composed of compounds of zinc, magnesium, 
and cadmium to which is added small traces of 
certain other chemicals called" activators. 11 The 
activator increases the light output of the basic 
phosphor compounds. 

Phosphor screens a re classified according to 
the color of the light produced and the length of 
time during which the light is given off. The 
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Table 41-1 - Characteristics of cathode- ray tube phosphors 



length of time required for the light to decay to 
one percent of its maximum value after the 
excitation has been removed is called the PER- 
SISTENCY of the phosphor. 

If the persistency of the screen material is 
about 0.01 second or less, the tube is said to 
have a short persistency. Tubes with per- 
sistency values longer than one second are 
designated as long persistency types. If the 
duration of the glow is between these two values, 
the persistency is medium. 

The emission of light at a temperature below 
that of incandescent bodies is called LUMINES- 
CENCE (cold light). If light is given off during 
excitation of the phosphor, the process is called 
FLUORESCENCE. The emission of light which 
occurs after excitation has ceased (afterglow) 
is called PHOSPHORESCENCE. 

TABLE 41-1 lists some of the more popular 
screen coatings and their characteristics. 
Notice, that the various types of coatings are 
cataloged by letter-number designations suchas 
PI , P4, etc. For example, a PI phosphor has 
a medium persistency of 0.03 seconds and has 
green fluorescence and phosphorescence. In 
some types of coatings fluorescence is of a 
different color than phosphorescence. 

Ql. List two factors which would determine the 
amount of light obtained from the screen. 

41-11. Electron Gun Assembly 

Depending on the application for which the 
tube was designed, the electron gun consists of 
from four to six cy lind rically shaped electrodes 
placed end-to-end within the neck of the tube. 
The gun structure to be discussed in the following 
paragraphs is the one used in the SUP1 . This 
tube was designed for general oscillographic 
applications and has a tetrode type gun structu re. 
The tube number (5UP1) indicates that the tube 
has a five inch diameter screen and a PI phos- 
phor. 

The arrangement of electrodes in the gun, 
and the tube base connections are shown in 



Figure 41-3. Since the gunassembly must form 
the electrons into a pencil-like beam, the elec- 
trodes are fabricated in the shape of cylinders. 
To aid in confining the electron stream to a thin 
beam, several disc-shaped baffle plates or 
diaphragms containing small holes at their 
centers are placed within the various cylinders. 
These baffle plates screen out all but those 
electrons travelling close to the longitudinal 
axis of the gun. 

The emitter of a cathode- ray tube is in- 
directly heated and is made in the shape of a 
cylinder with a flat closed end. The emission 
occurs only from the flat end of the nickel cy- 
linder which is coated with barium and strontium 
oxides to enhance the emission. The emitting 
mate rial is maintained at the proper tempe rature 
by a tungsten heater placed inside the nickel 
cathode cylinder. To prevent the twisted heater 
wire from shorting to the cathode, the heater 
is surrounded by a heat-conducting ceramic 
sleeve. In certain applications the cathode is 
directly connected to the filaments to prevent a 

high intensity field between the two elements. 
As shown in Figure 41-3, the cathode is 

almost completely enclosed by the control grid 

cylinder. This cylinder has a small hole in the 

center of the flat end, through which electrons 

can pass on their way to the screen. 

When the proper operating potentials are 
applied to the tube, the preacceie rating anode is 
from one to two thousand volts positive with 
respect to the cathode. This difference of po- 
tential causes lines of force to extend from the 
preaccelerating anode, through the hole in the 
control grid, to the space charge surrounding 
the end of the cathode. These lines of force 
cause some of the space charge electrons to be 
drawn through the hole in the control grid and 
accelerated down the length of the tube. 

The control grid is operated at a bia s potential 
of from 0 to -90 volts. As the control grid is 
made inc reasingly negative , 1 ewer elect rons are 
able to pass through the hole in the grid and the 
electron density of the beam is decreased. This 
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Figure 41-3 - Electron gun structure and tube 
base diagram. 

in turn decreases the amount of light produced 
on the screen. If the control grid potential is 
adjusted to approximately -90 volts, electron 
flow through the grid is entirely stopped and no 
light is produced on the screen. 

By connecting a potentiometer between the 
control grid and cathode, the negative grid bias 
can be adjusted to provide the proper amount of 
light on the screen. This potentiometer is 
mounted on the front panel of the oscilloscope 
and is called the BRIGHTNESS or INTENSITY 
control. 

The preaccelerating anode, sometimes ref- 
erred to as the preaccelerating grid, is followed 
by the focus and accelerating anodes respectively. 
In order to display intricate waveforms without 
masking fine detail, the beam must be focused 
to a very small diameter spot by the time it 
reaches the screen. Focusing of the beam is 
accomplished by the electrostatic field existing 
between the focus anode and the preaccelerating 
and accelerating anodes. 

To illustrate focusing action, the field be- 
tween the focus anode and the second or acceler- 
ating anode is shown in Figure 41-4. (A similar 
action occurs between the focus and preacceler- 
ating anodes. ) The electrons which succeed in 
passing through the control grid and preacceler- 
ating anode come unde r the influence of the focus 
anode. 

Some of the electrons pas s through the hole in 
the end of the focus anode and into the field be- 
tween the focus and accelerating anodes. The 



purpose of the diaphragm is to prevent all 
electrons, except those making a small angle 
with the axis of the beam, from pas sing through 
the hole in the diaphragm. This serves to keep 
the beam narrow. The electrons entering the 
curved electric field between the anodes are 
subjected to inward-directed forces thereby 
focusing the beam. As the beam passes parallel 
to the lines of force, the electrons are acceler- 
ated to a very high speed. Thus, the net result 
of the forces influencing the beam of electrons 
is a high speed inward-directed beam converging 
at point S on the screen. The repelling force of 
like charges in the beam tends to scatter the 
electrons but they are accelerated to such a high 
speed that the scattering action is not effective 
in defocusing the beam. Nevertheless the mutul 
repulsion between electrons in relation to the 
speed of the electrons determines the sharpness 
with which a beam may be focused on the screen. 
The diaphragm on the acc derating anode is used 
to stop all wide angle electrons from hitting the 
screen. 
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Figure 41-4 - Electrostatic focusing. 

In most cathode - ray tubes the preacccle rating 
and accelerating anodes are connected together 
internally and therefore operate at the same 
potential. At an accelerating anode potential of 
1000 volts, the focus anode of the 5UP1 should 
operate at +170 to 4320 volts dc. 

By varying the potential on the focus anode 
with respect to the fixed potential on the ac- 
celerating anodes, the focus of the beam can be 
controlled. If the potential difference between 
the focus and accelerating anodes is increased, 
a stronger electrostatic field results and the 
focal point (point S) moves toward the gun. The 
potential on the focus anode should be adjusted 
until the beam forms a bright sharp spot on the 
sc reen. This voltage adjustment is accomplished 
with a front panel potentiometer called the 
FOCUS control. 



6 



Al. (1) The number of electrons striking the 
sc reen. 

(2) The velocity (energy) of each elect ron. 



Q2. If the potential on the focus anode was made 
equal to the potential on the accelerating anode, 
what change in the spot of light on the screen 
would be observed? 



ELECTROSTATIC DEFLECTION 

In order to trace out a waveform on the fluores- 
cent screen, the beam must be made to move in 
conformity with a voltage or current. As the 
beam consists of moving negative charges it is 
surrounded by both a magnetic field and an elec- 
tric field. If by some external means, either a 
magnetic or an electrostatic field is established 
in the vicinity of the beam, forces will be brought 
to bear on the beam causing it to shift position. 
If the movement is to be produced by magnetic 
means, a coil is placed about the neck of the 
CRT. As the beam electrons leave the electron 
gun they pass through the magnetic field set up 
by the coil. When the coil field and the magnetic 
fieldabout the beam electrons interact, the beam 
is deflected away from itsnormal position. The 
amount and direction of beam deflection is de- 
termined by the magnitude and direction of the 
current passed through the deflection coil. 

Since nearly all cathode-ray tubes designed 
for use in oscilloscopes use electrostatic de- 
flection, electromagnetic deflection principles 
will not be discussed at this time. 

41-12. Deflection Plates 

Electrostatic deflection is accomplished by 
routing the electron beam between two parallel 
metal plates to which the deflection voltage is 
applied. If two parallel plates are positioned 
near the end of the electron gun assembly, as 
shown in Figure 41-5, the beam can be made to 
strike the screen at any point along a vertical 
line passing through the center of the screen. 

When no difference of potential exists between 
the deflection plates the beam will be unaffected 
and passdirectly down the center of the tube and 
strike the screen at point A. If a difference of 
potential is applied to the plates, the a rea between 
the plates will be filled with lines of force. As- 
suming the top plate to be positive with respect 
to the bottom plate, an electron existing in the 
space between the p\ates would be attracted by 
the top plate and repelled by the bottom plate. 
Thus, an upward motion would be imparted to 
the electron by the electrostatic forces between 
the plates. 

Since the electron beam is located between 
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the plates, each electron it contains is acted 
upon by the force of the electrostatic field. The 
beam electrons are therefore compelled to 
follow an upward curving path during the time 
they are within the influence of the plates. 
After leaving the vicinity of the plates the elec- 
trons travel in a straight line, striking the sc reen 
at point B. 

If the amount of voltage between the two de- 
flection plates is increased the angle of deflection 
will increase causing the beam to strike the 
screen farther from the center. Any amount of 
upward deflection can be obtained by applying 
the proper amount of voltage to the plates. 
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Figure 41-5 - Vertical deflection plates. 

To deflect the beam downwa rd from the center 
of the screen the polarity of the voltage applied 
to the deflection plates must be reversed. The 
upper plate will then repel the beam and the 
lower plate will attract it. As before, the 
amount of deflection is proportional to the 
magnitude of the voltage applied to the plates. 

Horizontal deflection of the beam is accom- 
plished by placing a second pair of deflection 
plates just beyond the vertical plates, so that 
the beam passes through the two pairs of plates 
in succession, as shown in Figure 41-6. The 
pair ol plates which controls the movement of 
the beam in a horizontal plane are called the 
horizontal deflection plates. These plates are 
mounted perpendicular to the plane of deflec- 
tion. If voltages are applied simultaneously to 
both pairs of plates the beam can be moved to 
any point on the screen. 
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Figure 41-6 - Deflecting plates for electro- 
static cathode-ray tube. 

Q3. If the bottom vertical deflection plate is at 
ground potential, what polarity must be applied 
to the top vertical deflection plate to cause the 
beam to move down? 

41 -13. Deflection Sensitivity and Factor 

Deflection sensitivity of a cathode- ray tube 
is a constant which indicates how- much the spot 
on the screen is deflected (in inches, centi- 
meters, or millimeters) for each volt differ- 
ence of potential that is applied to the deflection 
plates. For example, tube specifications may 
describe a certain tube as having a deflection 
sensitivity of 0.2 millimeter per volt dc. This 
means that when the tube is operated according 
to the stipulated conditions, every volt of dc 
applied to the deflection plates causes the spot 
to move 0. 2 millimeter from its undeflected 
position. Deflection sensitivity is directly pro- 
portional to the length of the deflection plates 
and the distance between the deflection plates 
and the screen. It is inversely proportional to 
the separation between the deflection plate and 
the accelerating voltage. 

Deflection factor indicates the voltage re- 
quired on the deflection plates to produce a unit 
deflection on the screen, and it is the reciprocal 
of deflection sensitivity. It is expressed in 
terms of a certain number of dc volts per centi- 
meter (or per inch) of spot movement. For 
example, in the tube mentioned above as having 
a deflection sensitivity of 0. 2 millimeter per 
volt dc, the deflection factor is 50 volts per 
centimeter. It is also common to express the 
deflection factor in terms of the second anode 
voltage. That is, the deflection factor is given 
as a certain amount for each kilovolt of second 
anode voltage that is used — for example, 60 
volts dc per inch/kilovolt of second anode volt- 
age indicates that with 1 kilovolt applied to the 
second anode, the factor is 60 volts per inch. 
With L kilovolts applied to the second anode, the 
factor is 120 volts per inch. 



41-14. Waveform Display 

The eye retains an image for about one six- 
teenth of a second. Thus in a motion picture, 
the illusion of motion is created by a series of 
still pictures flashed on the screen so rapidly 
that the eye cannot follow them as separate 
pictures. In the cathode-ray tube the beam is 
repeatedly swept across the screen and the 
series of adjacent spots appear as a continuous 
line. Thus, the wave shape of an ac voltage 
can be observed on the screen when the ac volt- 
age is applied to one pair of deflection plates 
and simultaneously a second voltage of appro- 
priate characteristics is applied to the other 
pair of plates. 

The sweep voltage that will produce uniform 
motion of the spot across the screen is called 
a sawtooth voltage, because the shape of the 
voltage waveform resembles the cutting edge of 
a saw. A sawtooth voltage wave is shown in 
Figure 41-7. The voltage is made to rise from 
point A along a straight line to point B. This is 
known as a linear rise. If this voltage is applied 
to the horizontal deflecting plates of a cathode- 
ray tube, the spot will move across the screen 
to form the time base. The time base will be 
linear with time if a rise of A E volts take place 
in At seconds anywhere along AB, since that 
will mean that the spot moves from Si to 
(Figure 41-7) in exactly the same time that it 
moves from S3 to S4. Thus, the sweep is a 
means of measuring time, since it always takes 
ti seconds to go from A to Si, or t4 seconds to 
go from A to S4. 

It is desirable that the time base start at the 
left of the tube, since that is the more usual 
method of plotting waveforms. The beam is 
swept from left to right to produce the pattern, 
and must be returned quickly to the starting point 
to restart the pattern. The beam can be re- 
turned quickly only if the voltage falls from B to 
A' (Figure 41-7) very rapidly. In practice, 




Figure 41-7 - Sawtooth voltage waveform. 
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A2. Due to the loss of the electrostatic field 
between the focus and accelerating anodes, 
the beam would spread out producing a 
faint and severely defocused disc of light. 

A3. A negative potential. 



time Tp is very small compared to the length 
of the time base Tq. The time is called the 
FLY-BACK TIME, since it represents the time 
during which the beam is being moved back to the 
starting point. Because the fly-back time is so 
very short, the electron beam is swept over the 
screen too fast to cause emission of much light, 
and the return trace is accordingly very dim. 
The fly-back time is greatly exaggerated in Figure 
41-7. If the picture were drawn to scale, the 
time Tp would appear to be almost zero, and the 
line BA' almost vertical. 

If a test voltage from a circuit, such as the 
sine wave in Figure 41-8, is applied to the verti- 
cal deflection plates, and the sawtooth sweep 
voltage is applied to the horizontal deflection 
plates, the resulting screen pattern will be as 
shown in Figure 41-8. As the sawtooth of volt- 
age moves the beam from left to right at a con- 
stant rate of speed, the sine wave to be observed 
deflects the beam vertically. Thus, the sine 
wave is reproduced on the screen. 
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Q4. What waveform would be observed if a 
square wave was applied to the vertical plates 
and a sawtooth to the horizontal plates? 
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Figure 41-8 - Development of screen pattern. 
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EXERCISE 41 



1. What is an electrostatic field; an elec- 
tromagnetic field? 

2. What is the direction of the electrostatic 
lines of force ? 

3. The velocity of an electron in an electro- 
static field is determined by what factors? 

4. Explain the action of electron beam focus- 
ing in the electrostatic type CRT. 

5. What direction will an electron beam be 
deflected in an electrostatic field 9 

6. Distinguish between the terms phosphores- 



cence and fluorescence as applied to cath- 
ode-ray tube screens. 

7. Why are cathode-ray tubes dangerous to 
handle ? 

8. Distinguish between deflection factor and 
deflection sensitivity. 

9. A two volt signal deflects the beam a total of 
0.25 inches. What is the deflection factor ? 

10. Explain how it is possible to move the spot 
on the screen in any direction by applying 
two forces operating at right angles. 
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A4. A square wave. 



CHAPTER 42 
OSCILLOSCOPE POWER SUPPLIES 



The power 9upply has as one of its purposes 
the conversion of alternating current into direct 
current. In the oscilloscope, the power supply 
must provide several different values of dc and 
ac voltages. Direct voltages ranging from 100 
to 400 volts must be supplied to the plate and 
screen circuits of amplifiers. High dc voltages 
of from -500 to - 1500 volts, and in some cases 
up to 15KV, must be provided for proper oper- 
ation of the cathode ray tube. Low ac voltages 
must be supplied for tube heaters. 

This chapter will deal with a typical oscil- 
loscope power supply. Transformer and rec- 
tifier action will be reviewed, and selenium 
rectifiers will be discussed. It should be noted 
that the circuits studied in this chapter are sim- 
ilar to those studied in Chapter 16. 

42-1. Types of Rectifiers Used 

The type of rectifier used in a power supply 
circuit will depend on the voltage and current 
requirements of the load. Generally, vacuum 
diode circuits are used to provide moderate to 
low dc voltages with relatively high current 
capabilities; or high dc voltages with light load 
currents. Both full- wave and half-wave circuits 
may be used. The selenium metallic rectifier 
may often be used in place of the vacuum diode. 

The SELENIUM RECTIFIER is a semiconduc- 
tor device which, like the vacuum diode, will 
normally allow only unidirectional cur rent flow. 
The physical construction of a SELENIUM CELL 
is illustrated in Figure 42- I A. 

The FORWARD RESISTANCE (from COUN- 
TER ELECTRODE, through the selenium layer, 
to the aluminum plate) is low, while the BACK 
RESISTANCE is high. This property allows 
much greater current flow in the forward di- 
rection, essentially making this a unidirectional 
device. However, an inverse voltage applied 
to this device will cause a small REVERSE 
CURRENT to flow. The magnitude of the re- 
verse current will be dependent on the amplitude 
of the inverse voltage. A PIV (peak inverse 
voltage) rating is assigned to these units to pre- 
vent excessive reverse current. If the PIV 
rating is exceeded, the resultant heat due to 
reverse current can render the device useless 
as a rectifier. Selenium cells generally have a 
PIV rating of 26v rms per cell. If a higher PIV is 
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Figure 42-1 - (A) Selenium cell construction. 
(B) Schematic symbol. 

desired, it can be obtained by "stacking" ad- 
ditional cell9 in series. 

Current carrying capabilities in the forward 
direction are limited mainly by cross sectional 
area and operating temperature. The maximum 
operating temperature of selenium rectifiers is 
about 55°C (131°F). Operation at higher tem- 
peratures will shorten the rectifier's life con- 
siderably. Current capabilities can be increased 
by connecting the cells in parallel. This effec- 
tively increases the cross sectional area. 

Selenium rectifiers may be used to replace 
vacuum diodes in many applications. They may 
be connected as standard half- wave, full- wave, 
or bridge rectifiers. Selenium rectifiers have 
the advantages of low cost, lightweight, physical 
durability, and lower input power requirements 
due to the absence of a heater. The main dis- 
advantage is the reverse current which flows 
when an inverse voltage is applied. This dis- 
advantage can be controlled by insuring that the 
PIV rating of the rectifier exceeds the peak volt- 
age appearing in the circuit. • 

42-2. Block Diagram of Power Supply 

A block diagram of the oscilloscope power 
supply, used in the OS-8C/V, is illustrated in 
Figure 42-2. Note that several rectifier cir- 
cuits, supplying different voltages, are located 
in the same unit. 
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Figure 42-2 OS8C/U power supply - block diagram. 



The power transformer has a primary input 
voltage of 115 vac. The high voltage secondary 
provides three outputs: 330 vac which is applied 
to a full-wave rectifier circuit which supplies 
intermediate values of B + , 110 vac which is 
applied to a full-wave rectifier for supplying a 
low B+ value, and 460 vac which is applied to a 
half-wave rectifier which supplies a high B 
minus voltage. 

Two separate low voltage secondary windings 
supply 6. 3 vac for tube heater operation. One 
winding supplies the CRT's heater; the other 
supplies the amplifier and rectifier tube heater s. 

42-3. The Power Transformer 

The power transformer in this power supply 
must provide three high voltage outputs as illus- 
trated in Figure 42-2. One method of supplying 
these outputs is through the use of separate 
secondary windings. This method, however, 
introduces difficulties in construction and results 
in high cost. A more efficient method of pro- 
viding these voltages is through the use of a 
tapped secondary. This method is illustrated 
in Figure 42-3. The following discussion of 
secondary voltages will be with reference to 
Figure 42-3. All secondary voltages are taken 
with respect to point G, the grounded secondary 
tap. 

Points B to G and points C to G each provide 
an output of 1 10 vac. The secondary section, 
consisting of terminals B-G-C, acts as a 220 
volt center tapped winding. 



The voltage from point A to B and C to D is 
220 vac. The voltage appearing from point A to 
G, or D to G is then equal to 220 + 110 vac or 
330 vac. The secondary section consisting of 
terminals A-G-D acts as a 660 volt center tap- 
ped winding. 

The voltage from point D to E is 130 vac. The 
voltage appearing from point E to G is then equal 
to 130v + 220v + 1 10vor460 vac. The secondary 
section consisting of terminals E-G acts as a 
460v secondary winding. 

It can easily be seen that by using taps, the 
single secondary winding can produce the same 
outputs as three separate secondaries. 
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Figure 42-3 - OS8C/U power transformer with 
tapped secondary. 
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POWER SUPPLY ANALYSIS 

The power supply can be divided into three 
rectifier sections: the intermediate voltage B + 
supply, the low voltage B+ supply, and the high 
voltage B- supply. 

42-4. The Intermediate B» Supply 

The intermediate voltage section is illustrated 
in Figure 42-4. It consists of the 660 volt cen- 
ter-tapped section of T 10 L full-wave rectifier 
V|10, and a Pi-section filter. (A complete 
analysis of rectifiers and filter circuits may be 
found in Chapters 16 and 17.) Vjjq operates as 
a conventional full-wave rectifier. The output 
of Vjio * s applied to a Pi-section filter, which 
consists of Rl71, C135A. and C135B- A filtered 
output of +340 vdc is taken across C135B to 
provide plate voltage for the horizontal output 
section. 

The output of Vjio is also applied to a de- 
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coupling network which consists of Rl72. Rl73- 
and CJ35Q. This circuit provides additional 
filtering as well as plate decoupling. An output 
of +280 vdc is taken across C13SC and applied 
to several circuits. This output provides plate 
voltage for the vertical output section and pos- 
itive grid potentials for the CRT. This output 
is also applied to two decoupling networks. One 
decoupling network consists of R174 and C\$4Q. 
An output of +120 vdc is taken across C134C to 
provide plate voltage for the horizontal cathode 
follower. The other decoupling network consists 
of R175 and C134E). An output of +130 vdc is 
taken across C134D to provide plate voltage for 
the vertical cathode follower and sync amplifier. 

42-5. The Low- Voltage B+ Supply 

The low voltage section consists of the 220 
volt center tapped section of TlOl, full-wave 
rectifier CRlOl - CR102, and a Pi-section ca- 
pacitive input filter. This section is illustrated 
in Figure 42-5. 

CRioi and CR102 are selenium rectifiers 
connected as a conventional full-wave rectifier. 
They operate in a manner similar to that of 
VllO. Each rectifier conducts on an alternate 
half cycle. R167 and Rl68 act as surge current 
limiters to protect CRlOl and CRi02- For in- 
stance, when the equipment is initially turned 
on, a high surge of current would flow through 
the selenium rectifiers due to the low opposition 
offered to the flow of current by C134A while it 
is charging. R167 and R168 limit this surge oi 
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Figure 42-4 - OS8C/U power supply - inter- 
mediate voltage section. 



Figure 42-5 - OS8C/U power supply - low 
voltage section. 
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current to a safe value and prevent thermal 
breakdown of the rectifiers. The output of the 
full-wave rectifier is applied to a Pi-section 
filter which is composed of C134A. C134B. and 
R170. The output of +107 vdc is taken across 
C 1343 and provides plate voltage for the first 
vertical and horizontal amplifier stages. 

43-6. The High Voltage B- Supply 

The high voltage B- section consists of the 
460v rms secondary winding of Tioi» half-wave 
rectifier CR)o^» aQ< * a Pi- section capacitive input 
filter. This section is illustrated in Figure 42-6. 

CR103 is a selenium rectifier connected to 
TjOl as a conventional half- wave circuit. The 
output of the half-wave rectifier is applied to a 
Pi-section filter which is composed of Cl33A» 
C133B. and Ri69- The output of -560 vdc is 
taken across C 13313 and provides cathode and 
grid potentials for the CRT. Note that the CR 103 
connections are reversed as compared toCRlOl 
or CRi02» to provide an output which has a neg- 
ative polarity with respect to ground. 

A comparison of the Pi-section filter used in 
the high voltage section to the intermediate and 
low voltage filter sections is illuatrated in Fig- 
ure 42-7. 

The filter circuit used in both the inte rmediate 
and low voltage supplies is illustrated in Figure 
42-7A. Note the large electrolytic capacitors 
used in this filter. These are necessary due to 
the relatively high load current drawn from the 
intermediate and low voltage supplies. The 




Figure 42-6 - OS8C/U power supply 
voltage section. 
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Figure 42-7 - OS8C/U (A) LV supply filter. 

OS8C/U (B) HV supply filter. 

large capacitor s prevent the average output volt- 
age from decreasing by providing a long dis- 
charge time constant. Since the filter capacitors 
present a low reactance (approximately 66 ohms 
at 120 cps) to the ripple frequency, a low value 
of resistance ( lk ohm) may be used in the filter. 

The high voltage supply filter is illustrated 
in Figure 42-7B. Compare the component values 
in Figure 42-7A and B. The load impedance of 
the HV supply is approximately 1.5 Meg ohms. 
A low load current is drawn from this supply 
This high load impedance allows smaller filter 
capacitors to be used, while pre serving the long 
discharge time constant. Since the capacity of 
the filter capacitors has decreased, the reac- 
tance, at the ripple frequency, will increase. 
This necessitates the use of a larger filter re- 
sistor. This reduction in filter capacitor size 
has some advantages. A physically smaller, 
unpolarized. paper capacitor may be used in 
place of the bulky, polarized, electrolytic ca- 
pacitor. The reduced capacity of the input 
capacitor (C 1 3 3 a) clim inate s the need for a surge 
limiting resistor to protect CRi03- 

Each of the power supply sections utilizes 
a capacitive input filter. Since the input ca- 
pacitor can charge to approximately the peak 
value of the ac input, the P1V ratings of the rec- 
tifiers must be equal to at least twice the peak 
ac input. It is preferable, in practical circuits, 
that the PIV rating be GREATER than twice the 
peak ac input. Refer to Figure 42-6. In this 
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circuit, for example, C133A can charge to a 
peak value of -650v. This negative voltage is 
present on the anode of CR.103- During the 
positive half cycle of the input to CR103. a 
positive voltage of 650v peak is applied to the 
cathode by the input. At the same time, -650v 
is applied to the anode by C133A- The total 
PIV is then liOOv. Therefore, CR103 should 
have a PIV rating greater than 1300v. 

Note the absence of bleeder resistors in the 
three filter sections. The load in each section 
contains a resistive path to ground for dc. The 
loads connected to the filter sections act as 
bleeders to provide a discharge path for the 
filter capacitors. 

The complete power supply schematic is 
illustrated in Figure 42-8. The three individual 
rectifier sections can be traced and compared 
to the simplified versions in Figures 42 -4 through 
42-7. Note the multisection electrolytic capaci- 
tors C J 34 and C135. Several capacitors are 
combined in one component unit to save space. 
C134, for instance, is composed of four s eparate 
20MFD capacitors. Sections A and B are used 
as filter capacitors for the low voltage power 
supply. Sections C and D are used in the de- 
coupling networks. 

Ql. Assuming a PIV rating of 26v/cell, how 
many selenium rectifier cells must be used, 
and how must they be connected, to provide hall 
wave rectification of 115 volts rms? 



Q2. What is the primary purpose of the bleeder 
resistor in a power supply with a capacitive in- 
put filter? 



REGULATED POWER SUPPLIES 

The power supply used in theOS-8C/U oscil- 
loscope is not regulated. Incorporating an 
unregulated powe r supply is common practice in 
the design of service type oscilloscopes, such 
as the OS-8C/U. 

High quality (laboratory type) oscilloscopes 
used to measure voltage accurately, require 
some form of regulated power supply. 

42-7. Voltage Regulation 

In some equipment a voltage regulator circuit 
will be included between the power supply and 
the load. This is sometimes necessary due to 
changes in load current and variations in input 
voltage causing variations in B-K One method 
of regulation was discussed in Chapter 18. In 
that method of voltage regulation, glow tubes 
(called VR tubes) were used as the regulating 
elements. The glow tubes were connected in 
shunt with the load, and the total load impedance 
presented to the power supply was the impedance 
of the VR tube and load in parallel. 

If, for instance, the load resistance increas- 
ed, B+ would also tend to increase. A slight 
increase in B + causes an increase in VR tube 
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Figure 42-8 - OS8C/U power supply 
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AL Since the peak voltage is 162. 6v, the PIV 
will be 325. 2v, and a minimum of thirteen 
Z6v cells must be connected in series. 

AZ. In a power supply with a capacitive input 
filter, the bleeder resistor has the primary 
purpose of providing a discharge path for 
the filter capacitors when the supply is 
turned off. 



ionization and adecrease in VR tube resistance. 
With an increase in load resistance and a de- 
crease inthe shunt VR tube resistance, the total 
load impedance remains fairly constant; and the 
variation in B+ is slight. 

Glow tube regulators have several disadvan- 
tages: their current operating range is limited, 
they are relatively insensitive to slight variations 
in voltage, there is a difference in VR potential 
between minimum and maximum values of VR 
current; and the values of regulated voltage are 
relatively inflexible. Electron tube regulators 
may be used in areas that are not suitable for 
glow tube operation. 

42-8. Electron Tube Voltage Regulator 



The first electron tube regulator considered 
here is a simple series regulator circuit using 
a triode as the regulating element. The circuit 
is illustrated in Figure 42-9. 

The input voltage to this circuit is taken from 
the filter section of the power supply. Triode 
V[ acts as the regulating element, and is con- 
nected in series with the load. Potentiometer 
R2 and the battery ( Ecc) supply grid bias forVi. 
Since Ecc is not disconnected when the input 
power is turned off, Rl is included to limit 
grid current. 

An electron tube acts as a variable resistor. 
With dc current flow from cathode to plate, the 
dc plate resistance (Rp) of the tube is equal to 
Eb/Ip. Since Ip can be controlled by E c , changes 
in bias will cause changes in Rp. This variable 
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Figure 42-9 



Electron -tube voltage 
regulator employing 
fixed bias. 



resistance characteristic can be used to control 
the voltage applied to the load. 

Refer to Figure 42-10. In this example, 
assume that R2 had been adjusted so that the 
load voltage equals lOOv. 

Cathode voltage (E^) of Vl is equal to the 
load voltage. Since the input is 200v and Eb = 
Ej n - Efc, the plate voltage equals lOOv. The 
grid to ground voltage is +90v. The bias is 
equal to the difference in potential between grid 
and cathode or 90v - lOOv equals - lOv bias. 
Note that V] is in series with the conduction 
path from the power supply to the load. 

If an increase in power supply voltage occurs , 
the load voltage will tend to increase, causing 
an increase inthe cathode potential of V 1 . Rb 
of the tube increases due to the increase in bias, 
and the voltage drop across Vj increases. The 
increase in voltage across Vl is approximately 
equal to the increase in power supply output, and 
the load voltage remains essentially constant. 
Actually, there must be an increase in load 
voltage to cause an increase in the bias of Vl. 
This increase in load voltage is slight, however, 
compared to the increase in voltage across V\. 

This regulator will also compensate for 
changes in load current. If the load current was 
to increase, load voltage would tend to decrease. 
A slight reduction in load voltage would reduce 
the bias on V], and cause a large reduction in 
the Rp of Vl. The decrease in Rp would cause 
a reduced voltage drop across Vj, and load 
voltage would again remain essentially constant . 

The fixed battery and variable resistor. R2- 
may be eliminated by the use of aVR tube. This 
is illustrated in Figure 42-11. In this case, a 
VR tube holds the grid of Vl at a fixed potential. 
The grid current limiting resistormay be elim- 
inated since grid voltage is removed when the 
input voltage is disconnected. Circuit operation 
is the same as in Figure 42-10. This method 
of providing bias has a distinct disadvantage. 




Figure 42-10 - Series triode regulator. 
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A quantity or constant whose value varies 
with the circumstances of its application, as the 
radius line of a group of concentric circles, which 
the circle under consideration. 



17 




Figure 42-12 - Shunt detected series 
regulator. 

potential by V3, the positive increase in grid 
potential causes the bias on V2 to decrease. 
This decrease in bias causes the Ip of V2 to in- 
crease, increasing the voltage drop across Rj. 
The increased voltage drop across Rl causes 
the bias on Vj to increase, increasing the Rp of 
Vi. The voltage drop across Vj increases 
counteracting the increase in load voltage. A 
decrease in load voltage would produce the oppo- 
site effects of those outlined above. 

A pentode is used in the control circuit due 
to its high amplification factor. Even slight 
variations in load voltage will be amplified suf- 
ficiently to operate Vi. Since total load current 
flows through triode V\, this tube must be ca- 
pable of passing a high current. Several triodes 
may be connected in parallel if the current ca- 
pability of a single tube is not sufficient. 

A general overview of a power supply which 
includes a regulator circuit is illustrated in 
Figure 42- 13 . 
TRANSFORMERS : 

Low voltage is stepped up by the transformer 
from 115 volts to 900 volts. Center tap provides 
a dividing point so that 450 volts are applied to 
each section of the 5U4C rectifier. The ends of 
the transformer alternately become positive and 
negative . 

Center tap C on heater winding is used to 
force plate current to divide equally in each fila- 
ment Lead. If there is no center tap, a voltage 
divider of two equal 50 ohm resistors may be 
put across the secondary to produce the same 
effect. 

Alternately positive and negative voltage is 
applied to the plates of the rectifier. 

RECTIFIERS : 

The two plates conduct alternately as each 
plate is made positive in turn by the secondary 
of the transformer. Pulses of current flow from 
the filament line to each plate in turn. The plates 
alternately become positive and negative with the 



Figure 42-11 - Electron-tube voltage regulator 
employing a glow tube for the 
fixed bias. 

There is no method of changing bias to compen- 
sate for changes in tube parameters.* 
42-9. Shunt Detected Series Regulator 

A regulator circuit with a high degree of 
stability and sensitivity is illustrated in Figure 
42-12. The regulator circuit consists of two 
sections — the regulator circuit and the control 
circuit. Triode V\ acts as the regulator and 
operates in the same manner as the circuit 
described in Section 42-8. The control circuit 
is composed of pentode V2 and its associated 
circuitry. 

The cathode ofV^ is held at a constant poten- 
tial (positive) by VR tube V3. The plate of the 
VR tube is connected to B+ through R2- This 
allows the VR tube to ionize when the input volt- 
age is applied. Resistors R3, R5, and poten- 
tiometer R4 act as a voltage divider network 
in shunt with the load. A positive voltage is 
tapped from R4 and applied to the control grid 
of V£. The positive potential applied to the 
control grid of V2 is lower than the positive 
potential on the cathode. R4 controls the grid 
to cathode, or bias, voltage of V*2. Rl is the 
plate load resistor of V*2. The voltage drop 
across Rl is determined by the plate current of 
V2. Since Rl is connected between grid and 
cathode of V 1 , the voltage drop across R\ de- 
termines the bias on V\. The Ip of V*2 controls 
the bias on Vj. For example, if the Ip of Vz 
increases, the voltage across Rl increases 
causing the bias applied to V 1 to increase. 

R4 is initially adjusted to establish a normal 
value of Rp for Vj t which produces the desired 
load voltage. If the load voltage was to increase, 
due either to an increase in input voltage or an 
increase in load re si stance , the positive voltage 
at the wiper arm of R4 would also increase, 
increasing the control grid voltage of V2. Since 
the cathode of V2 is being held at a constant 
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Figure 42-13 - Complete rectifier-filter- regulator-divider circuit. 



applied ac, but the filament line will show a 
one-directional flow. 

FILTER: 

The capacitors charge when the rectifier 
conducts, and they discharge through the bleeder 
resistor and load when the tube is not conducting . 

The choke builds up a magnetic field when 
the tube draws current. The field collapses as 
current decreases, tending to keep a constant 
current flowing in the same direction through 
the bleeder resistor and the load. 

The capacitive input (illustrated) gives higher 
voltage output and is used with low current drain 
loads . 

The choke input gives steadier output with 
less ripple under heavy load conditions. 

REGULATOR : 

If the load draws more current or if the ac 
input voltage decreases, the terminal voltage of 
the power supply decreases. 

Resistor K\, tube V^, and gas-tube V3 are 
in series across the rectifier terminals. V3 
holds the cathode of V*2 at a constant positive 
potential with respect to ground, and setting of 
R3 determines bias on V^. A fall in terminal 
voltage causes more negative bias on V2, less 
current through Vz, hence, less current through 
R\. Less IR drop across R\ causes less neg- 



ative bias on V|, V\, then acts as a lower value 
resistor, and terminal voltage decrease is 
checked. 

BLEEDER-DIVIDER : 

As a bleeder, the resistor is for safety to 
discharge the capacitors when power is removed. 

As a load resistor, it acts as a stabilizer to 
protect the voltage regulator if the load is re- 
moved, and to improve the regulation. 

A voltage divider meets the requirements of 
a load resistor and a bleeder, but in addition 
has taps placed at intervals for voltage at less 
than the maximum. 

It is usually grounded at the lower end but 
may be grounded at any higher point to provide 
a negative output. 

Q3. Why does an increase in load current pro- 
duce a decrease in output voltage in an unregu- 
lated power supply? 

Q4. A power supply is connected to a load with 
a VR 105 glow tube used as a regulator. Why 
must the power supply output voltage be greater 
than 105v? 

Q5. What effect would a regulator circuit have 
on power supply ripple? 
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EXERCISE 42 



1. What determines the peak inverse voltage 
rating of a selenium rectifier cell? 

2. List the advantages and disadvantages of 
selenium rectifiers. 

3. Explain the methods of obtaining several 
output voltages from one secondary winding. 

4. Why does the intermediate B+ supply use a 
full-wave vacuum diode rectifier circuit 
instead of a selenium rectifier circuit? 

5. List the output voltages of the OS-8C/U 
oscilloscope power supply. 

6. Explain the meaning of B-. 



7. Why does the high voltage supply use smaller 
filter capacitors? 

8. What is the purpose of resistors R-167 ar, d 
R lo g in the OS-8C/U oscilloscope? 

9. Why are resistors R 1 72 and Rl73 connected 
in parallel in the OS-8C/U oscilloscope 
power supply? 

10. Does the OS-8C/U oscilloscope power 
supply use voltage regulators? Why? 

11. Explain the operation of the shunt detected 
series regulator when the load voltage t rie s 
to decrease ? 
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A3. An increase in load current causes the 
voltage drop across the inte rnal impedance 
of the power supply to increase, reducing 
the output voltage. 

A4. The power supply output must be greater 
than I05v because the ionization potential 
of a VR tube is greater than the regulated 
voltage it will maintain. 

A5. Since the ripple voltage appears to the 
regulator circuit as a continual increase 
and decrease in power supply output, the 
regulator circuit would decrease the ripple 
amplitude. The magnitude of ripple re- 
duction would depend on the sensitivity of 
the regulator circuit. 



CHAPTER 43 
SWEEP CIRCUITS 



Previous chapte rs have dealt with the gene ration 
of an alternating current from a direct current 
source by the use of an oscillator. The oscil- 
lators (generators) discussed previously pro- 
duced only sinusoidal waveforms. However, the 
proper operation of many electronic devices 
depends on circuits which produce voltages and 
currents having nonsi nusoidal waveforms. The 
most common of these nonsinusoi dal wavefo rm s 
(used in television and radar equipment, etc. ) 
are the SAWTOOTH waveform and the SQUARE 
or RECTANGULAR waveforms. 

Just as the sine wave varied in a definite 
manner over a specific time and repeated this 
cycle at a definite frequency, so do the sawtooth 
and square waves. When the sawtooth or square 
wave is repetitive in nature, the circuit pro- 
ducing it is called a NONSINUSOIDAL OSCIL- 
LATOR. 

There are many different types of nonsinusoi - 
dal oscillators, each having a specific name and 
function. The purpose of this chapter is to dis- 
cuss these various oscillators, starting with the 
basic types and progressing to the complex types. 
Although these oscillators will be discussed in 
relation to their operation in the sweep circuits 
of an oscilloscope, the basic operation remains 
the same when applied to other types of equip- 
ment. 

The first part of this chapter will discuss 
the purpose of the sweep circuits in an oscil- 
loscope and, utilizing block diagrams, will show 
the relation of the sweep circuits to the other 
oscilloscope circuits. Then the various types 
of sawtooth generators, beginning with the gas 
tube type and advancing to the electron tube 
type will be discussed. A portion of the chapter 
is devoted to the description and analysis of 
various types of MULTIVIBRATORS. Finally 
the operational analysis of the sweep circuit 
oscillator in a Navy oscilloscope will be given. 

43-1. Waveform Observation 

One of the most general uses of the cathode- 
ray oscilloscope is the observation of the shape 
of voltage and current waveforms in electrical 
circuits. For this purpose a graph of the wave- 
form is made, with the voltage or cu rrent plotted 
vertically and time plotted horizontally. A 
simple example of such a graph is shown by the 
voltage and current sine waves in Figure 43-1. 



Notice that the time axis is marked in degrees 
and progresses from the left towards the right. 




Figure 43-1 - Voltage and current waves in 
phase. 



The instantaneous amplitude of the waves at any 
instant is plotted vertically on the graph. Since 
this is the conventional way in which voltages 
and currents are vi sualized and used for calcula- 
tion, the oscilloscope must present its infor- 
mation in this form if it is to be of value. 
Normally only one waveform is presented at a 
time, both current and voltage were shown in 
Figure 43-1 merely for reference. 

In order to present a display, such as the 
voltage wave of Figure 43-1, on the screen of 
an oscilloscope, a voltage must first be im- 
pressed on the horizontal deflection plate s of the 
cathode-ray tube (CRT). This voltage is called 
a HORIZONTAL DEFLECTION VOLTAGE and 
must move the electron beam from left to right 
across the screen (as seen from the front) at a 
constant rate of speed to form a time scale 
exactly like the line 0° to 360° in Figure 43-1. 

The electron beam strikes the screen at 
only one point at any instant. To form an image, 
a rapid succession of spots of light must be 
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produced side by side on the screen. Since the 
light on the screen does not die out immediately, 
and, the human eye retains an image for approx- 
imately one sixteenth of a second, the succession 
of dots of light appear as a continuous line. If 
the horizontal deflection voltage causes the spot 
of light to retrace its path more than 16 times 
per second, the image will be maintained on 
the screen. The horizontal deflection voltage 
is also called a SWEEP VOLTAGE because it 
sweeps the spot across the screen. If only 
the sweep voltage is applied to the CRT the 
spot will sweep back and forth along the line 
0° to 360° (Figure 43-1). The line or trace 
thus formed by the moving spot is called the 
TIME BASE. since its length represents a 
definite period of time. In producing the time 
base the spot must move uniformly across the 
screen from left to right (0° to 360°) and upon 
reaching the right hand limit (360°) move as 
rapidly as possible back to the left hand limit 
(0°). The sweep voltage that will produce this 
uniform motion of the spot across the screen 
and the rapid return is called a sawtooth volt- 
age, because the shape of the voltage waveform 
resembles the cutting edge of a saw, A saw- 
tooth voltage waveform is shown in Figure 43-2. 









/\ /\ 


4 


}/ \ 


A 





Figure 43-2 - Sawtooth waveform. 



In Figure 43-2 time is plotted horizontally 
and amplitude is plotted vertically. 

If one complete sine wave is to appear on the 
screen when a sine wave is applied to the ver- 
tical deflection plates, the sawtooth sweep volt- 
age applied to the horizontal plates must have 
the same frequency as the sine wave. This 
causes the beam to sweep across the screen 
once each time the sine wave completes one 
cycle. 

The voltage rise of the sawtooth waveform 
must be linear. The time base in Figure 43-2 
will be linear with time providing that for any 
given segment of line AB, the amount of rise 
in a specified time is the same as for any other 
equal segment. In other words, an amount of 
voltage change for a given change in time will 
be the same any plac e along line AB. The time 
between A and B (Figure 43-2) represents the 
sweep portion of the sawtooth waveform. In 



order to return the beam rapidly to the left side 
of the screen in preparation for the next sweep 
the voltage must fall from point B to point C as 
quickly as possible. This is known as the RE- 
TRACE or FLYBACK portion of the waveform. 
The slope of line BC is greatly exaggerated in 
Figure 43-2, however, it is seen that the time 
between points B and C is still a small fraction 
of the time between points A and B The time 
between Band C is called the FLY-BACK TIME, 
since it represents the time during which the 
spot is being moved back to the starting point. 
Because the fly-back or retrace time is so 
very short, the electron beam is swept over 
the screen too fast to cause emission of much 
light. Accordingly, the retrace line is usually 
very dim in relation to the swept image, how- 
ever, even this dim light is occasionally a 
problem and some oscilloscopes employ special 
circuits to lower the intensity of the beam dur- 
ing retrace. This is done by cutting off (BLANK- 
ING) the CRT during flyback (retrace) time with 
a negative pulse applied to the control grid. A 
positive pulse may be applied to the cathode to 
obtain the same result. The BLANKING PULSE, 
as it is called, is generated in the sweep cir- 
cuit along with the sawtooth voltage and occurs 
only at the time of flyback. 

Simultaneous application of the sine wave to 
the vertical plates and the sawtooth wave to the 
horizontal plates will cause the sine wave to 
be reproduced on the screen of the oscilloscope. 
The manner in which this is accomplished is 
shown in Figure 43-3. Since a detailed account 
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Figure 43-3 - Reproduction of pattern on scope 
screen. 
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of this action was given in section 14-22 it will 
not be repeated at this time. 

It is evident in Figure 43-3 that the beginning 
of the sawtooth wave and the beginning of the 
sine wave both occur at 0°. It is necessary that 
the beam start at. the same point for every trace 
in order to avoid a blurred or moving image. 
The part of the sweep circuit that forces the 
sawtooth to begin at the same time as the sine 
wave is called the SYNCHRONIZATION or SYNC 
ci rcuits. 

In an ideal condition the retrace time is 
instantaneous. It is the responsibility of the 
sweep circuits to produce a sawtooth voltage 
with the shortest retrace time possible. Figure 
43-4 illustrates the effects of a varying retrace 
times upon the scope presentation of the sine 
wave. Notice that the retrace time subtracts 
from the time of the trace. 
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Figure 43-4 - Effects of retrace time on the 
scope presentation. 

Another important function of the sweep cir- 
cuits is to insure that the sawtooth voltage wave- 
form has a very linear ri se in voltage with respect 
to time. If the sawtooth voltage waveform rises 
linearly, the beam will move across the CRT 
screen at a linear rate, thus producing a uniform 
time base upon which any waveform can be 
plotted accurately with respect to time. Figure 
43-5 shows the results ofusing a sawtooth volt- 
age with a nonlinear rise time. Note that the 
waveform on the CRT is very distorted because 
the nonlinear rise of the sawtooth voltage pro- 
duced a nonlinear time base. 

It has been pointed out that the purpose of 
the sweep circuits is to produce a sawtooth 
voltage of the proper duration ( frequency) with 
a linear rise time and a fast retrace time. 

Figure 43-6 shows a very basic block dia- 
gram of an oscilloscope. 

The sawtooth waveform from the sweep gen- 
erator is amplified by the horizontal deflection 
amplifier before being applied to the horizontal 




Figure 43 - 5 - Effects of using a nonlinear sweep 
voltage. 

(H) deflection plates. Note that there is a ter- 
minal connected to the sweep generator to which 
a signal from some external source may be 
applied in order to insure that the start of the 
sawtooth voltage waveform is synchronized with 
the start of the vertical input signal. 
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Figure 43-6 - Block diagram of a cathode-ray 

oscilloscope. 

Figure 43-7 shows a detailed block diagram 
for the OS-8C/U oscilloscope. The sweep cir- 
cuits consist of: the sweep circuit oscillator, 
the sync selector, the sync amplifier and the 
intensity modulation amplifier. These four 
blocks are the equivalentof the sweep generator 
block in Figure 43-6, the basic oscilloscope 
block diagram. Analysis of the blocks will 
commence with the sweep oscillator, which 
can be one of many different types. Several 
circuits will be analyzed in this chapter which 
can serve as sweep oscillators. 

Ql. What functions must the sweep circuits 
pe rform ? 

Q2. To which deflection plates would the output 
of the sweep circuits be applied and when? 

Q3. What is blanking? 
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Al. The sweep circuits supply a linear saw- 
tooth voltage waveform with a fast re- 
trace or flyback time. This waveform 
must be of the proper duration and it must 
be synchronized to start when the vertical 
input signal starts. 

A2. The output would be supplied to the hori- 
zontal deflection plates when a linear time 
base is desired. 

A3. The cutting off of the electron beam during 
retrace time. 



tance and then discharging quickly through a 
small resistance to produce a sawtooth volt- 
age. 



43- 1. Neur. Tube Sawiooth Generator 

Figure 43-8 illustrates the use of resistance 
and capacitance to produce a sawtooth wavefo rm. 
When the switch is in position (1), the series 
combination of the capacitor and resistor are 
connected ac ross a 200 volt source. It is assum- 
ed that the values of resistance and capacitance 
are such that a relatively long time constant 
will result. The instant the switch is closed, 
the capacitor will begin to charge at an ex- 
potential rate. This will produce the rise time 
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Figure 43-7 - Detailed oscilloscope block diagram. 



SAWTOOTH GENERATORS 

It was previously stated that the purpose of 
the sweep circuits is to provide a sawtooth 
voltage waveform with a very linear rise time 
and a very fast retrace. 

The simplest method of obtaining this type of 
waveshape is by means of a gas-tube RELAX- 
ATION OSCILLATOR. This oscillator is one in 
which the output shows abrupt changes in volt- 
age usually brought about by charging or dis- 
charging a capacitor through a resistance. An- 
other sawtooth generator to be analyzed will be 
the HARDTUBE SAWTOOTH GENERATOR. It 
will be found that most sawtooth generators use a 
capacitor c ha rging slowly through a large resis- 



of the sawtooth waveform being developed. In 
order to have a linear rise of the sweep portion 
of the sawtooth wave, only a small portion of the 
exponential curve may be used. Notice that 
Figure 43-8 uses only the very beginning of the 
charge curve of the capacitor. This can be 
shown in the following manner. 

Assume that full charge, or 100% on the 
universal curve in Figure 43-9, is equal to 200 
volts. If the switch is left in position (1) lorig 
enough for the capacitor to charge to 20 volts, 
this would be approximately 10 percent of full 
charge or approximately one tenth of one time 
constant. Thus, time zero (Tq) to time one 
(Tj)in Figure 43-8 represents only one tenth of 
one time constant. It can be seen that only a 
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Figure 43-8 - Generation of a sawtooth voltage 
waveform. 

very small, and therefore relatively linear, 
portion of the exponential charge curve is used. 

At time Tp when the capacitor has reached 
20 volts, the switch is thrown to position (2). 
Since there is no resistance in the discharge 
path, the potential of the capacitor will fall very 
rapidly from 20 volts to zero volts. This is 
shown by the nearly straight line representing 
the retrace portion of the sawtooth wave in 
Figure 43-8. 

If the manual switch were replaced by an 
electronic device which would perform the same 
function, a continuous sawtooth wave could be 
generated. The neon glow tube (as described in 
section 18-5) is just such a device. 




Figure 43-9 - Universal time constant curves. 

Until the potential across this type of tube 
reaches a value high enough to ionize the gas, 
the tube presents an almost infinite impedance. 
However, once ionized, a very small voltage 
is sufficient to keep the current flowing and 
until the voltage across the tube falls below 
the value required to maintain the ionization 
the tube has a low impedance. When the volt- 
age falls below this value, the gas deionizes 
and current flow ceases. The potential at which 
the gas ionizes and conduction begins is called 
the firing potential of the tube and that at which 
deionization take s place i s known as deionization 



potential. The tube can be considered as a switch 
which is open when the tube is not ionized and 
closed when it is ionized. 

When the switch in Figure 43-8 is replaced 
with a neon glow tube the circuit becomes a 
simple neon tube sawtooth generator. The 
manner in which a neon tube sawtooth generator 
creates a sawtooth wave is illustrated in Figure 
43-10. 

When a constant source voltage is applied to 
this circuit, the voltage across the capacitor 
rises from zero, approaching the full supply 
voltage along a normal RC charging curve 
(Figure 43-10). The charge path of the capaci- 
tor is through the relatively large value of re- 
sistor R. The voltage across the neon tube is 
the same as the voltage across the capacitor 
because these components are in parallel. The 
neon tube acts as an open switch until the volt- 
age across it reaches the firing point. At the 
firing potential, the neon tube ionizes and forms 
a discharge path for the capacitor. The capaci- 
tor discharges very rapidly until the voltage 
falls to the deionizing potential of the neon tube, 
at which time tube conduction stops and the tube 
becomes an open switch again. The capacitor then 
begins to charge again toward the supply voltage. 
The voltage rises along the RC curve to the firing 
potential of the neon tube, and then falls again. 
This process continues as long as a dc supply 
i s maintained. 

The frequency of a sawtooth is the number of 
times the voltage rises and falls per second. 
This frequency can be varied by changing the 
firing and deionizing potentials, but this means 
of variation requires a change in neon-tube 
characteristics. A simpler method of fre- 
quency control is to vary the value of the resis- 
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Figure 43-10 - Variation of capacitor voltage in 
neon sawtooth generator. 
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tor, the value of the capacitor, or the magnitude 
of the supply voltage. Since the resistor and 
capacitor form a time-constant circuit, an in- 
crease in the value of either element increases 
the time for a given amount of charge to be 
developed across the capacitor from a fixed 
source. Therefore, a lower frequency may be 
expected with increased capacitance or resist- 
ance values because f - 1/t and if the time of 
each wave increases the frequency must de- 
crease. Thi s condition i s shown in Figure 43-11. 
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Figure 43- 11 - Increase in RC causing decrease 
in frequency. 



Very often the sawtooth generator will have- 
r/wo frequency controls as shown in Figure 43-12. 
The switch which changes the capacitor used is 
called the COARSE FREQUENCY CONTROL 
The variable resistor is the FINE FREQUENCY 
CONTROL By using a variation in the value 
of Rand C to change the frequency, the linearity 
of the output sawtooth voltage waveform is not 
affected. This is true because the linearity is 
determined by the percent or the amount of the 
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Figure 43- 1 2 - Methods of controlling frequency. 



charge curve used. The percent of the charge 
curve used when the capacitor charges can be 
changed only by changing B+ , changing the 
ionization potential, or changing the deionization 
potential of the gas diode. In other words, if 
the capacitor in a neon tube sawtooth generator 



charges to 63% of the B-f- value before the tube 
ionizes, it will always use a portion of the first 
63% of the charge curve regardless of changes 
in the value of R and C. Thus, the linearity of 
the rise time will not change when R and C are 
varied, even though the duration of the rise 
time and the frequency will change. 

The frequency of the neon tube sawtooth 
generator may also be changed by varying the 
supply voltage (B+), though this is not normally 
done. If the supply voltage is increased, the 
capacitor can charge to the firing potential of 
the tube faster because the firing potential is a 
smaller portion or percent of the new supply 
voltage. Thus, the frequency output increases 
when the supply voltage is increased as shown 
m Figure 43-13. Because the firing potential 
is a smaller percent of the supply voltage, a 
lower portion of the charge curve is used and 
thus linearity has been increased as a result 
of increasing the supply voltage. 
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Figure 43-13 - Frequency changes resulting 
from changes in circuit constants of neon saw- 
tooth generator. 



It is evident from Figure 43-13 that in order 
to produce a linear rise in the sawtooth wave- 
form, the firing potential of the neon tube must 
be very low with reference to the Bf value. 
Thus the lowest part of the charge curve can be 
used. It isimportant that the internal resistance 
of the neon tube, when ionized, be very low so 
that the capacitor can di scharge quickly , keeping 
retrace time very short. 

The amplitude of the sawtooth waveform pro- 
duced by this circuit is equal to the difference 
between the ionizing and deionizing potential s of 
the neon tubes. These potentials are fixed, by 
the manufacturer, for a particular tube and are 
(hanged only by replacement with a different 
tube number. 
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Q4. What is the condition of the neon tube 
during rise time? During retrace time 9 

Q5. If the capacitance decreased what would 
happen to: the sawtooth wave duration, the 
sawtooth wave amplitude, the sawtooth wave 
frequency, and the linearity of the sawtooth 
wave 9 

Q6. If B+ decreased, what would happen to the 
sawtooth wave duration, amplitude, frequency, 
and linearity? 

43-3. The Thyratron Sawtooth Generator 

The neon tube used in section 43-2 is, in 
reality, a cold cathode gas diode. A more 
versatile sawtooth generator can be constructed 
using a gas-filled triode or tetrode as the dis- 
charge switch. A gas-filled triode or tetrode is 
called a THYRATRON. The schematic symbol 
for a thyratron tube is the same as the symbol 
for a vacuum tube with the exception that a black 
dot is placed in the lower right-hand area of the 
symbol. The presence of this dot on any tube 
symbol i ndicates that the tube is a gas -filled tube. 
The symbol for a triode type thyratron is shown 
in Figure 43-14. 

To visualize the operation of a thyratron, 
assume that the cathode is heated, a space charge 
exists around the cathode, the plate voltage is 
zero, and that the control grid has been purposely 
connected to the cathode through an external 
wire. If a small positive voltage is applied to 
the plate, the electrons near the outer edge of 
the space charge will be attracted to the plate. 
Since the area between cathode and plate is 
filled with atoms of gas, a number of collisions 
occur between the gas atoms and each electron 
in transit to the plate. Because the plate volt- 
age is low and the resulting electrostatic field 
is weak, these electrons have very little kinetic 
energy. 
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Figure 43-14 - Thyratron symbol and grid 
characteristics. 
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By increasing the plate voltage the electro- 
static field between plate and cathode i s strength- 
ened, imparting a highe r velocity to the attracted 
electrons. If the plate voltage is increased 
sufficiently, the electrons will gain enough energy 
to collide violently with the gas atoms, causing 
them to become ionized. The positive ions thus 
created drift rapidly to the area of the cathode 
and neutralize the effects of the space charge. 
Once the space charge is neutralized the tube 
becomes a virtual short-circuit. 

Up to this point the operation of the thyratron 
has been essentially the same as that of a gas- 
filled diode or neon tube. However, the effects 
of the control grid have not been taken into con- 
sideration. If instead of being connected to the 
cathode the control grid is made negative, an 
additional force will be exerted on the space 
charge electrons. The negative grid will re- 
pel the electrons making it necessary to raise 
the plate voltage to a higher potential before 
the electron velocities become high enough to 
cause ionization. Thus, by making the control 
grid negative the ionization potential can be 
raised to a higher value. 

Once the tube becomes ionized the positive 
ions thus formed will be attracted to any area 
of the tube in which a negative charge exists. 
If the grid is made negative in an effort to stop 
the conduction of the tube, the positive ions 
collect around the control grid and neutralize 
its negative charge. An increase in negative 
grid potential simply causes the sheath of 
positive ions surrounding the control grid to 
become more dense, again cancelling the 
effects of the negative grid. Thus it can be 
seen that ONCE THE TUBE IONIZES THE 
CONTROL GRID POTENTIAL HAS NO EFFECT 
ON PLATE CURRENT. To stop the flow of 
plate current the plate circuit must be opened, 
or the plate voltage must be reduced below the 
deionization potential. 

A graph showing the amount of plate voltage 
required to f i re a FG-57 type thyratron at vari- 
ous values of negative grid voltage is illustrated 
in Figure 43-14. For example, the -7 volt line 
intersects the curve at about 700 volts showing 
that if the grid is biased at - 7 volts, the plate 
voltage must be raised to about 700 volts to 
make the tube fire. If the bias is reduced to 
about -4 volts, only 300 volts of plate voltage 
are required to fire the tube. The ability of the 
control grid voltage to control the firing po- 
tential of the tube makes the thyratron extremely 
useful for trigger circuits, motor control cir- 
cuits, and sweep generators. 

In the typical circuit for the thyratron saw- 
tooth generator, shown in Figure 43-15. the 
charging and discharging of the capacitor takes 
place in exactly the same manner as in the neon 
tube sawtooth generator. 
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A4. The neon tube is deionized during rise 
time and ionized during flyback time. 




A5. Duration decreases, amplitude remains 
constant, frequency increases, linearity 
remains unchanged. 

A6. Duration increases, amplitude remains 
constant, frequency decreases, linearity 
dec rease s. 



When plate voltage is applied to the circuit 
the capacitor charges over the path marked by 
the light arrows. Since the charging current 
flows through the series variable resistor, a 
certain amount of time is required for the ca- 
pacitor to charge. As the voltage across the 
capacitor rises the thy ratron plate voltage rises 
and approaches the firing potential of the tube. 
When the firing potential of the tube is reached 
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Figure 43-15 - Simple thyratron sawtooth 
gene rator. 



the tube ionizes placing a short across the 
capacitor. The capacitor discharges through 
the tube (path shown by heavy arrows) until the 
voltage remaining across the capacitor reaches 
the deionization potential. At this point the tube 
deionizes removing the short-circuit from 
across the capacitor. This permits the ca- 
pacitor to begin charging again, initiating a new 
cycle of operation. 

The amplitude of the voltage rise on the 
capacitor is controlled by a negative bias on the 
grid of the thyratron tube. This bias is supplied 
by a fixed negative voltage source. Any voltage 
on this voltage divider must be negative since 
the positive end of the battery is connected to 
ground potential. The amplitude of the output 
sawtooth waveform is dete rmined by the negative 
potential on the grid of the thyratron. This 
method of amplitude control has a limitation in 
that a change of frequency accompanies a change 
of amplitude as shown in Figure 43-16. 

Note that when bias is increased, firing 
potential increases and amplitude increases but 
frequency dec rease s because the capacito r takes 
longer to reach the higher firing potential. 



Figure 43-16 - Change of amplitude and fre- 
quency of thyratron sawtooth generator by 
change of grid bias. 

The output has a less linear rise time when 
the amplitude is increased because a larger 
portion of the charge curve is used. 

In addition to the effect of grid bias on fre- 
quency the frequency of a thyratron sawtooth 
generator maybe varied in the same manner as 
in the neon sawtooth gene rator. In other words, 
an increase in the value of the resistor or ca- 
pacitor, or a decrease in the supply voltage will 
cause a decrease in frequency, etc. 

It can be seen from Figure 43-16 that the 
rise in voltage of the sawtooth wave i s not linear 
but follows the exponential charging curve of the 
capacitor. The lower portion of the curve is 
very nearly linear, however, and by using a dc 
supply voltage that is much higher than the firing 
potential of the tube, a rise that is sufficiently 
linear for most purposes can be obtained at the 
output. 

The oscillations of a gas-tube relaxation 
oscillator are not stable in frequency. Any 
slight changes in R, C, or the firing potential 
due to varying temperature, etc. , will cause 
the frequency to change. 

The thyratron oscillator, however, can be 
synchronized with a constant frequency. This is 
accomplished by capacitively coupling a signal, 
of the desired frequency and proper amplitude, 
to the grid of the thyratron. The circuit would 
be the same as the circuit in Figure 43- IS ex- 
cept that one lead of a coupling capacitor would 
be connected to the movable arm of the bias 
potentiometer ( grid) and the other lead would be 
connected to a source of synchronizing voltage. 

The waveforms of a synchronized thyratron 
oscillator are shown in Figure 43-17, which is 
also used to illustrate the manner in which the 
sync signal controls the frequency of the oscil- 
lator. The natural frequency of the thyratron 
oscillator (shown dotted) is adjusted to some 
value slightly lower than the desired output 
frequency. The desired output of this oscil- 
lator is 500 cps and the natural frequency is 
set at 490 cps. Then, an ac sync signal is 
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applied to the grid. The frequency of the sync 
signal is the exact desired output frequency 
(500 cps). It can be seen by the dotted sawtooth 
wave that without the synchronization signal the 
oscillator would fire at point A However, when 
the synchronizing voltage is present on the grid 
the firing potential alternately increases and 
decreases in accordance with the grid signal. 
Notice that the sync signal and the fi ring potential 
variation are 180° out of phase with each other. 
A dec rease in bias (positive direction) will cause 
the firing potential to decrease. Therefore, the 
tube actually fires on the positive alternation of 
the sync signal. At some time during the 
synchronizing cycle the lowering of the firing 
potential will coincide with the rising capacitor 
voltage, causing the thyratron to fire slightly 
ahead of time at point B. On the next cycle the 
voltage across the capacitor reaches the firing 
point at D, where it normally would have fired 
at C. The time of each oscillation is thus re- 
duced from A and C to B and D, and the oscil- 
lator is now locked to the frequency of the in- 
jected voltage. 
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Figure 43-17 - Synchronization of thyratron- 
sawtooth generator with sine wave. 

In addition to being locked at the frequency of 
the synchronizing signal, the thyratron oscil- 
lator can also be operated at a submultiple of 
the synchronizing voltage. Assume for example, 
that two cycles of a given signal are to be viewed 
on the screen. In order for two cycles to appear 
on the trace, each cycle of the sawtooth sweep 
voltage must last twice as long as each cycle of 
the signal to be viewed. In terms of frequency, 
the sweep frequency must be one-half the fre- 
quency of the signal voltage. 

Since the signal frequency is twice as high 
as the sweep frequency, each cycle of the sig- 




Figure 43-18 - Synchronization with a multiple 
frequency. 



nal cannot be used to trigger each cycle of the 
sweep oscillator. The sweep oscillator can, 
however, be triggered by every second cycle of 
the signal voltage as shown in Figure 43-18. 

In this illustration the signal to be viewed has 
a frequency of 1,000 cycles per second. When 
used as sync, this signal causes the firing po- 
tential to rise and fall at the rate of 1,000 times 
per second. 

By adjusting the time constant of the sawtooth 
forming capacitor so that the natural frequency 
of the sweep voltage ( dotted wavefo rm) is slightly 
lower than 500 cycles per second, every other 
positive alternation of the signal will lower the 
firing potential of the tube slightly ahead of the 
point at which the tube would have fired without 
sync. This forces the oscillator to lock in at a 
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Figure 43-19 - Effect of large amplitude sync 
signal. 
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frequency of 500 cycles per second, one-half 
the signal frequency. 

Due to the operating feature s of the thyratron 
oscillator it is possible to apply too little or too 
much synchronizing voltage to the tube. If too 
small a synchronizing signal is applied, the 
firing potential will not be lowered sufficiently 
to induce reliable triggering on each sweep, 
thereby causing jitter in the sweep pattern. 

If too large a sync voltage is applied to the 
thyratron, severe di stortion of the sc reen pattern 
can result. The reason for this is shown in 
Figure 43-19. The first cycle of operation 
shows normal conditions and proper sync ampli- 
tude. The remaining cycle s illustrate the effects 
of over synchronization. Notice, that as the 
sync amplitude is increased, the firing potential 
is lowered to such an extent as to cause the tube 
to fire twice during the same alternation of sync 
voltage. Thus, as the positive alternation of 
the sync signal begins, the thyratron is trigger- 
ed causing the sweep to commence. Before the 
sweep can trace very far across the screen the 
firing potential is reached again, initiating re- 
trace and the start of a second and longer sweep 
during the same alternation of the sync signal. 

To properly set the level of the sync voltage, 
the oscillator should be adjusted to a frequency 
slightly lower than the desired sweep frequency 
with no sync applied. Then, just enough sync 
should be applied to lock in the pattern. 

A comparison of the thyratron sawtooth gen- 
erator to the neon tube sawtooth generator 
shows the thyratron to have some decided ad- 
vantages. Of the greatest importance is the 
fact that the thyratron has a control grid and 
can be locked to a synchronizing voltage. Ad- 
ditional advantages stem from the fact that the 
thyratron has a large thermionic cathode allow- 
ing highe r plate cu r rents (more rapid discharge) 
and a more stable ionization potential. 



Q7. How does the thyratron tube differ from 
the neon tube ? 

Q8. When the bias in a thyratron sawtooth 
generator is increased, what happens to: output, 
amplitude, frequency, linearity, and the per- 
cent of charge curve used? 

Q9. How is the natural frequency normally ad- 
justed in the thyratron sawtooth generator? 

Q10. What is the purpose of synchronizing the 
thyratron sawtooth generator? 

Qll. What is the value of the natural frequency 
of the thyratron sawtooth generator, in com- 
parison to the desired output frequency, when 
using synchronization? 

Q12. If a synchronized thyratron sawtooth gen- 
erator was required to produce sawtooth wave- 
forms at a 400 cps rate, what sync frequencies 
could be used ? 

Q13. When would over synchronization occur? 

Q14. If pulses are used as sync triggers, what 
polarity should they be? 

43-4. Hard Tube Sawtooth Generator 

In certain applications it is necessary to have 
a given amount of time delay between the end of 
retrace and the start of the next sweep. Although 
this type of operation is difficult to attain using 
gas tubes, it can be readily accomplished with 
vacuum tubes. This vacuum tube sweep circuit 
is called a HARD TUBE SAWTOOTH GENERA- 
TOR. (This name is derived from the early days 
of electronics when a vacuum tube was referred 
to as a "hard" tube and a gas tube was called a 
"soft" tube. ) 
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CHART I 



Chart I has been included to aid in summariz- 
ing the characteristics of the thyratron sawtooth 
generator. For example, the chart shows that 
an increase in B+ (plate supply voltage) causes 
an increase in oscillator frequency, no change 
in sawtooth amplitude, and improved linearity. 



The schematic diag ram of a hard tube gener- 
ator is shown in Figure 43-20. Notice, that this 
circuit has an appearance somewhat similar to 
the thyratron generator. The sawtooth voltage 
is developed across sawtooth forming capacitor 
C,£. To develop the output waveform, capacitor 
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Figure 43-20 - Hard tube sawtooth generator 



C^ charges through for a given pe riod of time , 
and then di scharges through the tube. The per- 
iod of time during which the capacitor charges 
is determined by the signal applied to the grid. 
This signal is a rectangularly shaped negative 
pulse called a GATING PULSE. One sawtooth 
of voltage is developed each time the gating 
pulse is applied to the grid. Since an input 
signal must be applied to the circuit in order to 
obtain an output, the hard tube generator is a 
wave shaping circuit and not an oscillator. 

Before the application of a gating pulse to the 
grid of the tube in Figure 43-20 the grid to 
cathode potential is zero volts. This permits a 
relatively large plate current to flow, dropping 
plate voltage to a low value. Since capacitor 
C2 is connected directly across the tube it will 
charge to the same voltage as appears across 
the tube. 

At time Tj the gating pulse is applied to the 
grid of Vj. At this instant the grid of the tube 
is driven highly negative cutting off plate cur- 
rent. In the absence of the plate voltage 
would ri se immediately to the value of the supply 
voltage. However, since C^ is connected across 
the tube, the plate voltage must follow the ex- 
ponential charge curve of the capacitor. If the 
tube did not come back into conduction until af to r 
five time constants, would charge along the 
dotted curve to approximately the value of B+ . 
If the output sawtooth is to have a linear rise, 
the capacitor must not be permitted to reach 
full charge. 

At time T^ the gating pulse ends and the grid 
voltage i s brought back to zero almost instantly. 
As the grid voltage rises above cut-off, plate 
current starts to flow and plate voltage attempts 
to drop. Were it not for C2. the sudden increase 
in plate current would cause the plate voltage to 
drop immediately to the low value it had at time 
Tq. However, since must discharge through 
the internal resistance of the tube (shown by 
arrows in Figure 43-20), the drop in plate volt- 
age follows an exponential curve. 

If the internal resistance of the tube is much 
lower than the resistance of R£, the discharge 
time constantwill be very short as compared to 



the charge time constant and a reasonably good 
sawtooth wave will result. 

Notice that the sweep portion of the sawtooth 
wave (the time C% is allowed to charge) is de- 
termined by the width of the input pulse. There- 
fore, the width of the input pulse is also a factor 
in determining the amplitude of the sawtooth 
wave (assuming RC remain constant). Likewise 
the frequency of the output is determined by the 
frequency of the input gate pulses. 

With the duration of the negative gate pulse 
remaining constant, the amplitude of the output 
pulse is normally increased by decreasing R2 
or C2 as shown in Figure 43-21. 




Figure 43-21 - Effects of varying R2 and C 2 on 
output amplitude. 

As R2 and C2 are made smaller, the capacitor 
charges faster (a shorter time constant), thus 
charging to a greater percentage of B+ voltage 
during the time of the input gate pulse. There- 
fore, the amplitude increases, but linearity de- 
creases as shown in Figure 43-21. 

If the duration of the input gate were to in- 
crease, the amplitude of the sawtooth waveform 
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Figure 43-22 - Effects of changes in input dura- 
tion on output amplitude. 
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A7. Its ionization potential can be controlled 
by its grid voltage (the neon tube has no 
grid). 

A8. The amplitude increases, frequency de- 
creases, linearity decreases. A greater 
percent of the charge curve is used. 

A9. By varying the size of the resistance or 
capacitance used. 

A 10. To stabilize the output frequency. 

All. The natural frequency is slightly lower. 

A12. 400 cps, 800 cps, 1200 cps, 1600 cps, 
etc. 

A13. When using a sine wave sync signal of 
very large amplitude. 

A 14. They should be positive. 



would increase and linearity would decrease as 
shown in Figure 43-22. 

The output amplitude is often required to 
stay constant when input duration is increased 
as was done in Figure 43-22. To maintain con- 
stant amplitude, R2 or C2 may be increased 
the proper amount so that C^ would charge 
more slowly. 

In actual practice the time constant of Rz^Z 
is usually very long so that charges for a 
small portion (percent) of the charge curve as 
shown in Figure 43-23. This provides very 
good linearity. 
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Figure 43-23 - Obtaining a high amount of 
linearity. 



The low output amplitude is not a real dis- 
advantage in this case because the horizontal 
amplifiers in the oscilloscope will provide 
sufficient amplification. However, the high 
degree of linearity is better than that which 
could be obtained from the thyratron or neon 
tube sawtooth generator. 



Q15. Is the hard tube sawtooth generator free 
running? Why? 

Q16. What type of trigger is used in the hard 
tube sawtooth generator 9 

Q17. How would output amplitude of the hard 
tube sawtooth generator normally be adjusted? 

Q18. How can linearity of the sawtooth develop- 
ed by the hard tube sawtooth generator be im- 
proved? 



MULTIVIBRATORS 

In the discussion on the hard tube sawtooth 
generator a square wave was required to trigger 
the circuit into operation. This square wave is 
usually obtained from a circuit called a MULTI- 
VIBRATOR. 

Multivibrators are divided into three cata- 
gories: BI-STABLE. MONO-STABLE and 
ASTABLE, or FREE RUNNING. The bi- stable 
multivibrator is so called because it has two 
stable conditions of operation and requires an 
input or trigger in order to change from one 
condition to the other. The mono- stable multi- 
vibrator is so called because it has one stable 
condition of operation and a temporary condition 
or state of operation. When triggered by an 
input, it switches from its normal stable con- 
dition to the temporary condition and then re- 
verts to its stable condition. The astable o r free 
running multivibrator requires no input and 
continually switches from one of its two oper- 
ating conditions to the other and back again at a 
given rate. These circuits will be discussed 
in the order listed above. 

43-5. Eccles- Jordan Multivibrator 

The basic principles of a bi - stable multivi- 
brator can be easily established if the action of 
the ECCLES- JORDAN circuit (sometimes re- 
fered to as aFLlP-FLOPor START-STOPmul- 
tivibrator) is understood. This circuit, shown 
in Figure 43-24, uses direct coupling between 
the plates and grids of the two tubes and features 
two quiescent points. One quiescent point is 
established when Vj is conducting and V^ is 
cut-off, and the other occurs when V^ is con- 
ducting and V\ is cut-off. 

This circuit essentially consists of two 
identical halves. R\ a R 2 , R 3 = R 4 , C\ = C2. 
R5 ■ Rfc, and Vl is the same as V 2 A negative 
bias level is established by bias supply E cc .. 
The output signal appears between the plate of 
V2 and ground. The input is applied in series 
with the grid bias supply to the junction of Cj 
and C2 The function of the circuit components 
are as follows: Rj and R2 serve as plate load 
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Figure 43-24 - Eccles- Jo rdan bi- stable 
multivibrator. 

resistors, and are coupling capacitors 

for the input signal or trigger, R3 and R4 act 
as coupling resistors to couple a change in 
plate voltage of one tube to the grid of the other 
tube, and Rfc are grid leak resistors. 

To begin the analysis of the Eccles- Jordan 
bi- stable multivibrator it will be assumed that 
no signal or trigger is present at the input. 
Since the conditions for both tubes are identical, 
it would appear that when plate voltage is applied 
both tubes would conduct equally well and no 
resultant action would take place. However, due 
to slight manufacturing tolerances and other 
factors, it is very difficult to obtain two circuits 
which are identical in every respect. In the 
operation of multivibrator circuits this is fort- 
unate because many of these circuits rely on 
these slight differences to begin their operation. 
In other words, when plate voltage is applied, 
both tubes will begin to conduct, but one of the 
tubes will always conduct slightly more than 
the other. The significance of this action will 
be pointed out later in the analysis. 

In order to further simplify the analysis of 
the Eccles-Jordan circuit it has been redrawn 
in Figure 43-25. Notice that two switches, 
and Sz, have been inserted in the cathode leads 
of the tubes. These switches are for purposes 
of explanation only and would not appear in a 
practical circuit. 

With both cathode switches open, the circuit 
appears as two resistive voltage dividers con- 
nected across a source composed of E bb and 
E cc in series. One voltage divider is formed 
by the series combination of R^, R^, and Rj. 
In parallel with this is the other voltage divider 
formed by the series combination of R$, R^ r 
and R2- The voltage distribution is shown for 
only one voltage divider in Figure 43-25, how- 
ever, it should be realized that the same voltage 
distribution also applies to the other voltage 
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divider. Notice that the voltage drop ac ross each 
grid resistor is 51 volts. This drop is in op- 
position to the 50 volts applied by E cc . There- 
fore, the grids of and are 1 volt positive 
with respect to ground (cathode) Taking into 
account the 200 volt drop across the load resis- 
tors, the plate voltage of each tube will be 150 
volts. 

The operation of the circuit can be examined 
by observing the events which occur during the 
transient period, just prior to reaching a 

stable condition. If S\ and are closed 
simultaneously, the positive grid potentials 
applied to the grid of each tube will cause nearly 
equal currents to rise in the two tubes. For 
purposes of explaination it will be assumed that 
the current rise inVj occurs at a slightly g reat- 
er rate than the current rise in V^- The in- 
creased plate current that flows in Vj causes 
the voltage drop across Rj to be larger than the 
voltage drop across R^ This lowers the plate 
voltage of V\ below the plate voltage of V2. 

Since Vj, acting as one branch, and the 
series combination of E cc , R^ and R3, acting 
as a second branch, comprise a parallel circuit, 
the sum of the voltages across E cc , R5 and R3 
must be the same as the plate voltage of Vj. 
Thus, the decreased voltage at the plate of Vj 
causes a reduction in the positive voltage at the 
grid of V^. 

The reduction in positive potential at the grid 
of V^acts as a negative- going input signal toV^, 
causing its plate current to decrease. The re- 
duction of plate current through V 2 causes the 
drop across R2 to be less, permitting the plate 
voltage of V 2. to r i* e 

The rise in positive potential at the plate of 
V2 allows the voltage across R5 (and R4) to in- 
crease. This appears as a positive- going input 
signal to V], further reinforcing the rapid in- 
crease in current through Vj. 

It can be seen that the above action is re- 
generative and will continue until V2 is driven 
into cut-off and Vj is conducting heavily. Once 
this condition or state is reached, no further 
changes in circuit conditions will occur and the 
circuit is said to be in one of its two stable 
states. The circuit will remain in this stable 
state indefinitely, or, until some external sig- 
nal is applied to cause the circuit to switch to 
the second of its two stable states. The circuit 
would be said to be in its second stable state 
whenVi is cut-off and V2 is conducting heavily. 

In describing the succession of events dur- 
ing the transient period, the actions were de- 
scribed in a step-by- step manner. It must be 
pointed out, however, that these changes occur 
almost instantaneously (a fraction of a micro 
second). It should also be realized that in 
starting the circuit EITHER tube could be the 
one driven to maximum conduction, depending 
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A 1 5. No. It must be triggered. 

A 16. A negative gate pulse of the same width 
as the desired output sawtooth waveform 
and large enough in amplitude to cut the 
tube off. 

A17. By varying the resistance or capacitance. 
A18. By using a large resistor and capacitor. 



on the random conditions existing when the 
switches are rinsed 

To cause an abrupt transition from one stable 
state to another, a pulse or trigger is applied to 
the circuit. 

Either a positive or negative pulse of sufficient 
amplitude will cause a change in the circuit con- 
ditions. The two capacitor s between the grids of 
the tubes and the trigger input terminals isolate 
the grids from one another and provide coupling 
of the input trigger to both grids simultaneously. 
Assume that a negative trigger is applied to the 
grids of V| and V*£. This trigger will be coupled 
to the grid of V £ as a negative signal, but will 
have no effect because V2 is cut off. However, the 
trigger is also coupled to the grid of Vj. A 
negative signal applied to the grid of V\ will 
cause a reduction in the plate current passed 
through the tube. This reduction in plate cur- 
rent will reduce the voltage drop across R|, 
thereby, raising the plate voltage of Vj. This 
increasing plate voltage is coupled to the grid 
of V*2 as a decrease in the negative bias. This 
brings the tube out of cut-off and V~2 begins to 
conduct. The voltage drop across the plate load 
resi stor ( R2) of V*2 increases, lowering theplate 
voltage of V2, which is coupled to the grid of 
Vj as a less positive potential. The decreasing 
voltage across R5 drives Vj toward cut-off. 
Decreasing the conduction of Vi, raises its 
plate voltage further, which in turn causes the 
conduction of V2 to increase. 

This progressive action (acting almost in- 
stantaneously) forces the switching of the circuit 
from one 6table condition to the other. The cir- 
cuit will now remain in the condition of V*2 con- 
ducting and V\ cut-off until another trigger is 
applied. Consequently the circuit will change 
from one stable state to the other each time a 
triggc r i s applied. 

The Eccles- Jordan bi- stable multivibrator 
would also work with a positive trigger. A neg- 
ative trigge r caused the current of the c onducting 
tube to decrease, thereby, bringing the non- 
conducting tube out of cut-off. A positive trig- 
gcrwill di rectly change the bias of the non-con- 
ducting tube? to bring it out of cut-off. 

The output from the circuit may be taken 
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Figure 43-25 - Eccles- Jordan circuit and 
voltages 

between the plate and ground of either tube. 
The waveforms will be alike, but will appear to 
be displaced one alternation with respect to 
each other. Figure 43-26 illustrates the plate 
waveforms showing the time relationship between 
the trigger and the output pulse s from each tube. 
Notice that before the fi rst trigger is applied, the 
plate voltage (e^i) of Vj is low because Vj is 
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Figure 43-26 - Waveforms. 

conducting, and the plate voltage ( e^) of V2 i s 
high because V2 is cut off. As the first trigger 
is applied, the waveforms indicate that the cir- 
cuit switches conditions, because almost instant- 
aneously, the plate voltage of V\ becomes high 
{indicating Vj cut-off) and the plate voltage of 
V2 becomes low (indicating V*2 conduction). 

Each additional trigger that is applied to the 
circuit will cause the circuit to switch states. 
Thus, if a continuous train of equally spaced 
pulses is applied to the input, a square wave 
will be developed at the plate of each tube. 
Pulses applied to the circuit at random intervals 
will produce a series of positive and negative 
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alternations having uneven lengths. 

Q19. Could a train of alternately positive and 
negative pulses be used to trigger an Eccles- 
Jordan circuit? 



43-6. Mono- stable Multivibrator 

In the Eccles- Jordan circuit, the changes that 
occur at the plate of one tube are coupled to the 
grid of the other tube by resistors which link 
these respective elements. A signal can also be 
coupled from one stage to another by connecting 
the cathodes of the two tubes together. As the 
name implies, thi s type of coupling is used in the 
cathode coupled multivibrator. 

Cathode coupled multivibrators, like other 
multivibrators, can be classified as free running 
if they provide a continuous output without an 
input, or, as "driven" if an input pulse is re- 
quired in order to obtain an output. The circuit 
to be discussed in this section is a MONO- 
STABLE multivibrator and must be drivenbyan 
input pulse. 

One type of mono- stable multivibrator is 
shown in Figure 43-27. Notice, that the plate 
current of both tubes must flow through the 
common cathode resistor (Rfc). Since the grid 
resistor for Vj is connected to ground, the 
voltage across R^ acts as the bias on Vj. The 
grid resistor for connects directly to the 

cathode of V^, therefore, operates at zero 

bias. 

When no driving pulses are applied to the 
grid of V| f the circuit will remain in its single 
stable state. The reason for this can be made 
clear by considering the way in which the volt- 
age across the common cathode resistor affects 
the operation of the circuit. When plate voltage 
is first applied to the circuit in Figure 43-27. 
both tubes begin to conduct. The combined plate 
current from the two tubes develops a voltage 
across resistor Rj< as shown. This voltage 
forms the bias for Vj but in no way controls the 
plate current through 

As plate current rises in V 2 it increases the 
voltage drop across R^, reducing the plate cur- 
rent of Vj . The decrease in plate current through 
Vi causes the plate voltage of Vi to increase. 
Because of the rise in plate voltage C^ begins 
to charge through R^. R^ r and R3. The positive 
voltage developed at the grid of causes a 
further inc rease in the plate current of V 2 and 
also causes grid current to flow, which rapidly 
charges C^ . The greatly increased plate cur- 
rent through drives Vj far into cutoff by 
virtue of the large bias voltage the plate current 
of V 2. produces across Rj^. 

When C2 has completed its charge, no more 
current will flow through the series path com- 
posed of R^, C^, and Ry With no current flow- 
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Figure 43-27 - Cathode coupled mono- stable 
multivibrator. 



ing through R2. the grid voltage of V ^ will de- 
crease to zero (same potential on the grid and 
cathode). However, the characteristics of V2 
are such that zerobiaswill cause sufficient plate 
current flow through R^ to maintain the cut-off 
bias condition of Vj. 

The condition of Vj cut-off and V2 conducting 
is the normal condition of the circuit in its 
stable state. 

Because V] is normally cut off, only positive 
pulses can be used to trigger the circuit. Upon 
the application of a positive trigger, of sufficient 
amplitude to raise the grid voltage above cut-off, 
the tube will begin to conduct. The conduction 
of Vi causes its plate voltage to decrease. When 
the plate voltage of decreases, C2 will attempt 
to equalize its charge by discharging through R2 
and tube Vj as shown by the arrows in Figure 
43-28. This attempted discharge will cause a 
voltage to be developed across R2 with the pol- 
arity shown. The result of this negative grid 
voltage is to drive into cut-off. With 
cutoff only the plate current of V\ flows through 




Figure 43-28 - Discharge path for C^ 
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A 19. Yes, since the pulses are applied to both 
grids either polarity will trigger the cir- 
cuit. 



R^. Since the maximum plate current through 
V\ is lower in value than the maximum plate 
current through ( due to different biasing), the 
voltage across R^ will be at its minimum value 
during the time V£ is cut off As long as V 2 is 
cut off, V\ will conduct. Since the negative 
voltage which maintains in cut-off is caused 
by the discharge of C^, this voltage will decay 
at an exponential rate, as C^> equalizes its 
charge. Therefore, the time V2 remains cut off 
is governed by the R^C£ discharge time constant 
(the plate resistance of V| must be added to the 
resistance of R2). As the grid voltage of V2 
rises above cut-off, the tube will again begin 
conduction. 

As soon as V2 begins to conduct, the voltage 
drop across the cathode resistor, Rj^, will 
cause tube Vj to cut off. After capacitor C2 
charges, the plate current through V~2 will re- 
duce to its normal level, and the circuit will 
again be in its stable condition. 

The waveforms in Figure 43-29 illustrate the 
entire operation of the cathode coupled mono- 
stable multivibrator. From time zero (Tq) to 
time one (Tj), the waveforms indicate the 
following conditions: 

The plate voltage of Vj (e^l) is equal to 
B plu6, indicating Vj is cut off. 

The plate voltage of (e D 2) lB at s°rne 
value between B plus and zero, indicating 
V*2 is conducting. 

The grid voltage waveform ( e g2) °^ V Z 15 
the voltage measured between GRID AND 
CATHODE and is zero volts because the grid 
and cathode are at the same potential during 
this period. The dotted line on this wave- 
form represents the value of negative grid 
voltage necessary to drive V*2 into cut-off. 

The cathode voltage (ej<) of the tubes, as 
measured across R^, is at some relatively 
high value of voltage (possibly 20 volts, al- 
though this value will vary greatly with tube 
types). The dotted line in this waveform 
indicates the value ofpositive voltage neces- 
sary on the cathode of (with zero grid 
voltage) to cut the tube off. The cathode 
voltage (e^) being greater than this value 
indicates that Vj is cut off du ring this pe riod. 

At time one (Tj) the first trigger is applied 
to the grid of Vj. Almost instantaneously the 
circuit changes from its stable operating con- 
dition to its temporary operating condition. 




Figure 43-29 - Waveforms for the mono- stable 
multivibrator 

Vj begins conducting, as indicated by the 
decrease in e^j . 

V2cuts off, as indicated by the increase in 
e D 2 

The discharge of C2 applies a large nega- 
tive voltage to the grid of V2 ( driving it below 
cut-off), as indicated by the drop in eg2- The 
fall of e^ below the V \ cut-off line indicates 
V\ conducting. It also indicates that, since 
ej< decreased, the relatively large plate cur- 
rent of V2 is absent. 

From time one (Tj) to time two (T2) the grid 
voltage eg2 rises towards cut-off in an ex- 
ponential manner as C2 discharges. At time two 
(T2) the grid voltage of reaches the cut-off 
value and the circuit changes from the temporary 
operating condition back to its stable operating 
condition. 

The time T2 to T3 (which has been greatly 
expanded for purposes of explanation) shows the 
various actions occuring due to the exponential 
charge of C2 

From T3 to T4 the circuit remains in its 
stable operating condition. At T4 the second 
trigger is applied, and the sequence of oper- 
ations just explained will repeat themselves. 
Thus, a positive output pulse is generated for 
each input trigger. 

The duration (width) and amplitude of the 
output waveshape may be altered by varying thr 
supply voltage or circuit components in the 
following manner: 
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(1) Increasing or wilL increase the 
duration of the output pulse, but, will not 
effect the amplitude. The duration of the 
pulse is increased because the RC dis- 
charge time constant is increased and it 
will take longer for to come out of cut- 
off. 

(2) Decreasing C£ or R% will decrease the 
duration of the output pulse because the 
RC discharge time constant is decreased. 

(3) Increasing the supply voltage E^q, will 
increase both the output pulse duration and 
amplitude. The pulse duration is increased 
because there will be a larger change in 
Vj's plate voltage, which is coupled to V2 
as a larger gridvoltage change. The pulse 
amplitude is increased because there will 
be a larger change in V^'s plate voltage 

(4) Decreasing the supply voltage E b ^ will de- 
crease both the pulse width and amplitude. 

(5) The frequency of the output pulse is un- 
affected by component or supply variations. 
An output is obtained only when an input 
is applied. 

Q20. Why is it preferable to apply the trigger 
pulse to the normally cut-off tube, especially 
when the trigger generator has a low or variable 
internal impedance? 

Q21. What determines the amount of time that 
the normally cut-off tube of a mono- stable mul- 
tivibrator will remain in the conducting state 9 

Q22. What waveform would be present on the grid 
of the normally cut-off tube of a mono- stable 
multivibrator when no trigger pulses are applied? 

43-7. Free Running Multivibrator 

In this section the operation of a FREE RUN- 
NING cathode coupled multivibrator will be ex- 
amined. As stated, free running means that 
no trigger is required to initiate the switching 
of the circuit from one state of operation to the 
other. 

Figure 43-30 illustrates a free running cath- 
ode capacito r coupled multivibrator and the cir- 
cuit wave-forms. When B+ is applied to the cir- 
cuit, tube V2 will conduct harder than Vi« This 
can be seen by the fact that the grid of has a 
zero potential, while the charging current of 
(passing through R^) applies a positive potential 
to the grid of V^. Figure43-31 shows the charge 
paths for C\ and C^- The charge path of C\ is 
shown by the dotted arrows and the charge path 
of C^ is shown by the solid arrows. 
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Figure 43-30 - Free running cathode capacitor 
coupled multivibrator. 

The plate current of causes a voltage drop 
across the cathode resistor R^, which is posi- 
tive at the cathode end of the resistor. This 
potential causes Cj to charge in the direction 
shown in Figure 43-31. The charging current of 
Cj causes an additional drop across the cathode 
resistor, R^, of V|. Since the grid of Vj is at 
zero potential, the positive voltage drop across 
R^ drives Vj into cut-off. 

The circuit is now in a state of operation as 
depicted by the waveforms in Figure 43-30 be- 
tween time zero {T$) and time one (T\). Notice 
that the plate voltage of Vj (e^i) is almost equal 
to B+, indicating Vj cut-off. The cathode 
voltage of ( e^j) i s more positive than the cut- 
off value. As C\ assumes a charge it draws 
less current through R^ and the cathode voltage, 
e kl' will decrease towards the cut-off value. 
The grid voltage of V^. as shown by the wave- 
form ep2» rapidly falls to zero as assumes 
its charge. 
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A20. When the trigger generator connects to 
the grid of the normally cut-off tube it 
has almostno adverse effects on the time 
constant of the coupling capacitor and 
grid leak resistor, providing more stable 
operating conditions. 

A21 . The RC time constant of the coupling net- 
work and the amount of change in e^j. 

A22. No waveform, since the grid would remain 
at zero volts with respect to ground. 



At time one (Tj) the value of cathode voltage 
e^i is no longer positive enough to keep Vj cut- 
off. As Vj begins to conduct, its plate voltage 
(e^j) decreases. This decrease is coupled, by 



Vj CUT OFF B+ V 2 CONDUCTING 




Figure 43-31 - Charge path of Cj and C^ 

C^, to the grid of V^, driving it negative, as 
shown by e^£ This negative potential drives 
V 2 into cut-off. The decrease in the potential 
across R^ (shown by the slight drop in e^ at 
Tj) causes Cj to begin discharging. The dis- 
charge path of Cj and C£ is shown in Figure 
43-32. The dotted arrow represents the dis- 
charge path of Cj and the solid arrow repre- 
sents the discharge path of C2 The discharge 
of Cj causes the potential across R5 to be re- 
duced, effectively reducing the bias of the tube, 
thereby increasing its conduction. 

As C^ discharges the grid potential of V*2 
will approach the cut-off value of the tube in an 
exponential manner. During the time Tj to T2 
the circuit will be operating with Vj conducting 
and V*2 cut-off. At time two (T2) the potential 
at the grid of V 2 will equal the cut-off value of 
the tube, as shown by waveform ep£» and 
will come out of cut-off. The cycle of operation 
just completed will now repeat itself. The time 
of one cycle of operation is the cut-off time of 
Vj plus the cut-off time of V 2 



Vj CONDUCTING B-h V 2 CUT OFF 

.... R 3 .Jt *4 

: I 'W -J W 1 




Figure 43-32 - Discharge path of C2 and Cj. 



Tube Vj was cut off by the charging current 
of Cj through R5, V^, and R4 as shown in Fig- 
ure 43-31. 

Tube V2 is cut off by the discharge currents 
of Cj and C2- Cj discharges through Vj, R3 
and R^. discharges through R^' R 5 anc * v l 

Increasing any resistance in the charge path of 
Cj, or any resistance in the discharge path of 
Cj orC2 (except R^)will decrease the frequency 
of the output. The output may be taken from 
either plate, but is normally taken from the plate 
of V 2 

Increasing R^ causes a lower voltage to be 
developed across R^ when V2 conducts. When 
coupled to the cathode of Vj by Cj this voltage 
^R6 does not drive as far below cut-off. 

Thus, the cut-off time of V ^ is shorter and fre- 
quency is increased. The only resistor in the 
circuit that has no effect on the output frequency 
is Rj because it merely returns the grid of Vj 
to ground. Resistor R2 is normally used to vary 
the frequency because it produces a large change 
in frequency without changing the amplitude of 
the plate waveforms. This circuit may also be 
synchronized to improve frequency stability. 

Q23. What is the action of the cathode coupling 
capacitor during the time that Vj is cut off? 

Q24. When the plate current of Vj is maximum 
what value is the plate voltage of V 2 ? 



Q25. What effect would an increase in the value 
R3 have on the cut-off time of V^? 

Q26. Would the output be taken from the plate 
of Vj or V2 if the most rectangular waveform 
1 s desi red 7 
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PLATE COUPLED MULTIVIBRATOR 

43-8. Free Running Plate Coupled Multivibrator 
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R3). As Vj's plate voltage decreases, will 
begin to discharge. The discharge path, as 
shown by the dotted arrows in Figure 43- 33, will 
be from the negative te rminal of C^, through R^, 
Vj, and back to the positive terminal of C^. 
This di scharge will cause a negative potential to 
be applied to the grid of V2. which will, in turn, 
cause a decrease in the tube current of V ^ and 
an increase in its plate voltage. An increase in 
the positive potential at the plate of Y ^ will cause 
Cj to increase its charge. The charge path for 
C\, as shown by the light solid arrows in the 
illustration, will include R4, the B+ supply, 
and the grid to cathode resistance of V j in parallel 
with Rj. This charging current will increase the 
positive potential at the grid of and thereby 

increase the plate current of (heavy arrows). 

This action is cumulative and will result in the 
cutting off of 

The circuit is now in one of its two semi- 
stable states of operation, and will remain so as 
long as V£ is in a cut-off condition. The nega- 
tive potential on the grid of will decrease 
towards the cut-off value at an exponential rate 
as C2 discharges. At the instant the cut-off 
value of V2 is reached and it begins to conduct, 
the actions just discussed will be reversed and 
switching will result in the ci rcuit changing to 
its second semi-stable state of operation. Dur- 
ing this state of operation, V] will be cut off and 
V £ will be conducting. Cj will be discharging 
through and V2 C2 will be charging, its 
path being the parallel combination of R2 and 
the grid- to- cathode resistance of V2, R3, and 
the B+ supply. The plate coupled multi- 
vibrator circuit, shown in Figure 43-35, can 
be analyzed using the tubes characteristic 
curves and a load line. and of the cir- 

cuit are actually contained within the same tube 
envelope, each being one-half of a 6SN7 dual 
triode tube. As described in the gen-eral oper- 
ation of the circuit, the plate voltages of the 
tubes will vary from B+, when the tubes are 
cut off, to some lower value when the tubes are 
conducting. These values can be determined, 
and the plate voltage waveforms constructed, 
from the load line. Since the characteristics 
for both halves of the tube are identical, and 
the same value of load is used in both cases, 
a single set of curves and load line will suffice 
for the analysis. The curves and load line are 
shown in Figure 43-34. 

The load line is constructed in the normal 
manner, with one point being plotted where plate 
voltage equals B+ (350 volts) and the other 
point plotted at 17. 5 milliamps of plate current. 

It is assumed that the circuit has been oper- 
ating and at time one (T^), in Figure 43-35, the 
switch from one ope rating state to the other has 
just occurred. At time one the V2 section of 
the 6SN7 dual triode comes into conduction. The 



The basic FREE- RUNNING PLATE COUPLED 
MULTIVIBRATOR circuit is a simple two stage 
resistance-coupled amplifier, with the output of 
the second stage coupled back into the input 'of 
the first stage (Figure 43-33). Since each stage 
inverts the signal, a voltage change occurring 
at the grid of either tube will be amplified, in- 
verted, and coupled to the grid of the other tube 
where it will again be amplified, re-inverted, 
and coupled back in phase to the grid from which 
it originated- The schematic of a conventional 
free running plate coupled multivibrator is 
shown in Figure 43-33. 
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Figure 43-33 - Free running plate coupled 
multivibrator. 



When the cathodes are heated and plate po- 
tential is applied, both tubes begin to conduct 
and capacitors Cj and begin to charge with 
the polarities shown. Initially the plate cur- 
rents of the tubes are nearly equal, however, 
there is always a slight difference in the cir- 
cuits which results in an unbalanced condition. 
This unbalanced condition causes one tube to 
begin conducting more heavily than the other. 
This unequal conduction of the tubes brings about 
a cumulative or regenerative switching action, 
which, in this example, is assumed to end with 
Vj conducting and V2 cut-off. Although describ- 
ed as if it occurred slowly, this switching 
occurs with extreme rapidity (in less than a 
microsecond in a well designed multivibrator). 
This action is followed by a relatively long 
period in which the tubes are quiescent. Dur- 
ing this interval one capacitor charges and the 
other capacitor discharges. 

Assume that initially the plate current of Vj 
begins to rise more rapidly than the plate cur- 
rent of V^. The plate voltage of Vj will begin 
to dec rease (because of the inc r eased drop across 
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A23. It will be charging. 

A24. The plate voltage of V 2 will be equal to 
B+. 

A25. The cut-off time would increase. 



A26. The plate waveform of V 2 . 
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Figure 43-34 - 6SN7 curves and load line. 

charging current of C 2 , through the parallel 
combination of R 2 and the grid-to-cathode re- 
sistance of V 2 , causes the grid voltage (e 2 ) to 
increase to approximately 11 volts. Although 
the positive 11 volts grid curve does not appear 
on the characteristic curves (Figure 43-34) its 
position can be estimatedas being near the pos- 
itive 12 volt curve. With 11 volts on the grid, 
approximately 17 milliamperes of plate current 
will flow. A plate current of 17 milliamps 
through V*2 (at Tj) will cause a 340 volt drop 
across the plate load resistor R4 This will 
rause the plate voltage of V 2 to fall to 1 0 volts, 
as shown by the e^ 2 waveform in Figure 43-35. 

The fall of V 2 's plate voltage from 350 volts 
to 10 volts represents a change of 340 volts. 
Since a capacitor (in a circuit containing resis- 
tance) cannot instantaneously change its voltage, 
this entire change is coupled through Cj to grid 
resistor Rj. This is shown by the grid voltage 
waveform (e R \) falling to a negative 340 volts at 
Tj. Although the negative 340 volts on the grid 
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of causes the tube to cut-off, its plate volt- 
age does not rise instantly to B+ because the 
charging current of C 2 causes a voltage drop 
across R3. 

Due to the relatively low value of resistance 
in its charge path, the charging time constant 
of C 2 will be fairly short (approximately 20 
microseconds for this circuit). Thus, for all 
practical purposes, C 2 will cease to charge after 
five time constants, or approximately 1 00 micro- 
seconds. Time one (Tj) to time two (T 2 ) in 
Figure 43-35 represents 100 microseconds. 

As C 2 assumes its charge, V^'s grid voltage 
decreases from 1 1 volts to zero volts, as shown 
between T^ and T 2 for e 2 . During this time, 
the exponential decrease oT C 2 's charge current 
causes less voltage drop across R3 and thereby, 
raises V^'s plate voltage until (at T 2 ) it equals 
B+. Notice that, during the period T^ to T ^ t 
V 2 's plate voltage also increases, going from 
10 volts to 110 volts. This is caused by the fact 
that, as the grid voltage e g 2 falls to zero, the 
plate current decreases. Trie load line (Figure 
43-34) shows that when grid voltage is zero, 
approximately 12 ma of plate current is flowing. 
This value of current causes 240 volts to be 
dropped across R4, leaving 1 10 volts as plate 
voltage. 

From the instant switching occurred and the 
grid of Vj was driven 340 volts negative, C\ 
discharges and the gridvoltage i^g\) begins de- 
creasing towards the cut-off value. The rela- 
tively large resistance in the discharge path 
causes the discharge time constant to be fairly 
long, approximately 100 microseconds for this 
ci rcuit. 

From time two (T 2 ) until time three (T3) the 
only change taking place in the circuit is that of 
the gridvoltage e j, with the other voltages re- 
maining in a quiescent state. 

It can be seen from the load line (Figure 
43-34) that the cut-off grid voltage for a 6SN7, 
with 350 volts plate potential is approximately 
-22 volts. When Cj has been discharging for 
approximately 280 microseconds (2. 8 time con- 
stants), the grid voltage of egj will have de- 
creased to -22 volts. 

At the instant the grid voltage equals cut-off 
(T-^), tube Vj will begin to conduct and the switch- 
ing action of the circuit will be initiated. It is 
seen by the nearly vertical lines on the wave- 
forms, at T^ t that the switching action is prac- 
tically instantaneous. However, in the following 
discussion this instant will be expanded to in- 
sure a more thorough understanding of the 
action. In order to accomplish this expansion, 
the action of the circuit will be halted immedi- 
ately after cut-off is attained. 

The waveforms (Figure 43- 35) show that just 
previous to T«j the circuit conditions are as 
follows: 
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The grid voltage of Vj (e ») is at cut-off, 

-22 volts. g 

The plate voltage of Vj (et>j) is equal to 

B+, 350 volts. 

The grid voltage of V2 ( e g2) * s at zero 

volts. 

The plate voltage of V2 (e^) is at 110 
volts. Capacitor C^ has discharged to 132 
volts, thus 132 + (-22) = 110 volts (e b2 ). 

Capacitor C^ is fully charged to 350 volts 
because the plate of V\ equals 350 volts and 
the grid of V2 equals zero volts. 

The action of the circuit will now be examined 
when the grid of V ^ is one volt above cut-off ( e_i 
equals -21 volts). From the load line it is found 
that a -21 volts on the grid will cause a very 
small plate current (possibly 10 microamperes) 
to flow. This small current will cause a small 
drop across R3 (possibly 0.02 volts,), which 
in turn lowers Vj's plate voltage by the same 
amount. This 0.02 volts change in V \* s 



Figure 43-35 - Plate coupled multivibrator with 
waveforms as taken from an oscilloscope. 





plate voltage is coupled through to grid re- 
sistor R?, causing a negative 0.02 volts at 
the grid of V^- If an amplification of 10 is 
assumed for the tubes in this circuit, the 0. 02 
volts change at the grid will cause a 0. 2 of a 
volt change in V^'s plate voltage. The slight in- 
crease in V^'s plate voltage will cause Cl to 
draw a small charging current up through Rj. 
The change in V^'s plate voltage appears as a 
positive 0. 2 volts onVj's grid. This means that 
Vi's grid goes instantly from -21 volts to posi- 
tive 0. 2 volts, a change in grid voltage of 21. 2 
volts. Due to the amplification of the tube, this 
grid voltage change will appear at Vj's plate as 
a 212 volt change in plate voltage. This is a 
regenerative feedback action and will continue 
with the 212 volt change in e^i being coupled to 
V 2 's grid, driving it into cut-off. 

Due to this regenerative action, it can be 
seen that even the slightest change in the state 
(non-conducting to conducting) of the cut-off 
tube will result in an almost instantaneous 
switching of the circuit. The circuit is now in 
its second condition of operation, with Vj con- 
ducting and V2 cut-off. 

The action of the circuit from T3 to T^ is 
the same as that described forTj to T2, except 
the role of the components is reversed (where 
Cj was discharging it is now charging, etc). 
The action of the circuit between T^ and T5 is 
the same as that described between T2 and T3. 

At T5 the voltage at the grid of V~2 reaches 
cut-off, and switching is again initiated. 

Time one to time five represents one com- 
plete cycle of operation, taking approximately 
560 microseconds. The frequency of ope ration 
of the circuit can be found by transposing 
equation (8-5) and inserting values. 

t = i (8-5) 
transposing: f = i 



where: f - frequency in cps 

t - time of one cycle in seconds 

Insert values: 

1 

i 2 560 x 10" 6 

f - 1785 cps (approximately) 

Thus, the frequency of operation of the free 
running plate coupled multivibrator (Figure 
43-35) is approximately 1 785 cycle s per second. 

The output from this circuit is normally taken 
from either plate, although the grid waveform is 
sometimes useful. 
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The effects on circuit operation of increasing 
the value of various components is shown by the 
waveforms in Figure 43-36. Part A of the illus- 
tration shows the normal waveforms of the cir- 
cuit when all comparable components are equal 
in value. Part B shows the waveforms (actually 
observed on the screen of an oscilloscope) of 
the circuit when the value of R3, plate load resis- 
tor of V|, is increased to 100k ohms. The time 
base has been changed in order that a single 
cycle of operation appears on the screen. The 
duration of the second alte rnation of all the wave- 
forms in part B is approximately the same as 
the second alternation of the normal waveform. 
However, due to the alternation of the time base 
the second alternation appears smaller. Due 
to the increased resistance of R3 the plate volt- 
age of Vj will experience a larger change be- 
tween the zero bias and cut-off values. Thus, 
the amplitude of e^l will be increased. The 
duration of the first alternation is longer than 
the second alte rnation, indicating that Vj is con- 
ducting for a longer period of time than it is cut 
off. Notice the increase in the rounding of the 
leading edge, caused by the increased charging 
time of C^. The long duration of the first al- 
ternation of e^2 indicates that V2 is cut off for 
a longer period of time than it is conducting. A 
comparison of the two grid waveforms indicates 
that the grid of V2 ( e g2) * fl driven further into 
cut-off than the grid of Vj, due to the larger 
change at the plate ofVj. Therefore, C2 will 
discharge for a longer period of time until the 
grid voltage reaches the cut-off value of the 
tube, thereby holding V2 cut-off longer than V*. 
Since the sum of the two alternations is now 
longer than for normal operation, the frequency 
of the circuit will be decreased. 

Part C of Figure 43-36 illustrates the wave- 
forms observed when Rj, the grid resistor of 
V^, is increased to one megohm. All other 
components have the same value as the normal 
circuit. The time base of part C is also altered, 
with the first alte rnation of the waveform s havi ng 
the same duration as the normal waveform. 
Therefore, it can be seen that increasing Rj has 
lengthened the duration of the second alternation 
considerably. The plate voltage waveform, e^j, 
indicates that Vj is cut off for a much longer 
period of time than it is conducting. Waveform 
e b2 indicates that V*2 is conducting for a longer 
period of time than it is cut off. Notice the in- 
creased rounding of the leading edge due to the 
increased charging time of Cy [C\ charges 
through the parallel path of R\ and the grid-to- 
cathode resistance of Vj). Increasing Rj in- 
creases the discharge time constant of C\, 
thereby, applying a cut-off potential to the grid 
of Vj for a longer period of time (as shown by 
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waveform). Since one alternation is 



longer than normal, the complete cycle will 



Figure 43-36 - Waveforms showing effect of 
increasing component values. 



encompass a longer period of time. Thus, the 
frequency of operation will be lower than nor- 
mal. 

Part D of Figure 43-36 shows the waveforms 
observed when the value of coupling capacitor 
Cj is increased to 0. 01 microfarads. The effect 
of a larger capacitance is to increase the RC 
discharge time constant, with the same results 
as were obtained when the resistance was in- 
creased. Thus, the waveforms in part D will 
be the same as the waveforms in part C, and 
the same explanation applies 

The frequency stability of a free running 
multivibrator is rather poor. In order to achieve 
a better understanding of the manner in which 
supply voltage and component value variations 
effect the frequency stability Figure 43-37 will 
be used. 

Part A of the figure shows the effect of a 
decrease inthevalueof either the grid resistoror 
the coupling capacitor on the frequency of oper- 
ation. The heavy line shows the desired grid 
voltage waveform. Notice that the grid voltage 
approaches the cut-off value of the tube at a very 
shallow angle. At time three(T3) it reaches the 
cut-off value and switching occurs. Due to the 
shallow angle of approach, slight variations in 
the RC discharge time can cause the cut-off value 
to be reached at some time other than the de- 
sired time. For instance, if the value of the 
grid resistor or coupling capacitor decreases 
for some reason, the RC discharge time will be 
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decreased. The light line in Figure 43-37A 
shows the waveform with the RC discharge time 
SLIGHTLY decreased. Notice that even the 
slight decrease in the RC time will cause the 
cut-off value to be reached at time two (T^) 
rather than time three (T^) The dotted line 
shows the waveform for a SLIGHT increase in 
the RC discharge time. This will cause the 
cut-off value to be reached at time four (T4) 
rather than time three (T3). Thus, a slight 
variation in the RC time will cause a relatively 
large variation in the duration of the alter- 
nation, resulting in poor frequency stability. 
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Figure 43-37 - Effect of voltage and component 
variation on frequency stability. 



Part B of Figure 43-37 shows the effect of 
a varying supply voltage on the frequency of a 
free running multivibrator. The heavy line 
represents the desired waveform and T\ to 
T^ is the desired duration of the alternation. 
A decrease in the supply voltage will cause a 
lower charge on the coupling capacitor and 
a smaller change in plate voltage coupled to 
the opposite grid. This results in the grid being 
driven less negative du ring cut-off ( shown by the 
light line in Figure 43-37B). The coupling ca- 
pacitor will then discharge for a shorter period 
of time before reaching the cut-off value (time 
T\ to T2) The cut-off value will also decrease 
a slight amount but this will not change the op- 
eration a significant amount. 

Increasing the supply voltage will cause a 
larger charge of the coupling capacitor and a 
larger change in plate voltage during switching. 
This will result in the grid being driven further 
negative, and a longer period of discharge be- 
fore the grid voltage reaches cut-off. This 
condition is shown by the dotted line in Figure 
43-37B. The cut-off value will be increased 
slightly in this case, but again will not signifi- 
cantly effect the operation. Increasing the 
supply voltage will increase the duration of the 
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cut-off alternation, and thereby decrease the 
frequency of operation. The shallow angle 
of approach to cut-off will result in a slight 
change in supply voltage causing a relatively 
large change in frequency. 

Q27. What would be the approximate cut-off 
voltage of the 6SN7 tube in Figure 43-35 if the 
supply voltage were lowered to 250 volts? 

Q28. What determines the cut-off time of V2 
in the plate coupled multivibrator? 

Q29. What determines the amplitude of each 
plate waveform in the plate coupled multivi- 
brator? 



43-9. Synchronization of Free Running Multi- 
vibrator 

The various multivibrator circuits find ex- 
tensive use in radar and test equipment. How- 
ever, due to the poor frequency stability of free 
running multivibrators they are seldom vised in 
this mode of operation, instead, they are synch- 
ronized with another frequency that forces the 
period of the multivibrator oscillation to be ex- 
actly the same as that of the synchronizing fre- 
quency. When a synchronizing signal is used, 
the multivibrator is said to be DRIVEN by the 
sync voltage. 

Sine waves or pulses are generally used for 
synchronizing purposes, although waveforms 
of almost any shaoe could be used. Synchro- 
nization by means of sine waves will be consid- 
ered first. The synchronizing signal may be 
injected in series with the cathode ci rcuit or be- 
tween the grid and cathode. Only synchronization 
with a grid signal will be considered in this 
chapte r 

A standard free running plate coupled multi- 
vibrator, with provisions for applying a synch- 
ronizing signal, is shown in Figure 43- 38. 
Notice that a sine wave voltage generator is 
connected between the grid and cathode of V^. 
Switch Sj provides a method of disconnecting 
the sync signal and allowing the multivibrator 
to be free running. The internal resistance of 
the generator (represented by R-) must be rel- 
atively large in order to prevent it from shunting 

the input of Vj. The other components have 
the same values and functions as explained in the 
previous section. 

It was determined in section 43-8, that the 
free running frequency of this circuit is approxi- 
mately 1785 cycles per second. Normally the 
free running frequency is LOWER than the fre- 
quency of the synchronizing voltage, therefore, 
(in this discussion) the sync signal will have a 
frequency of 2500 cycles per second. Figure 
43-39 shows the grid voltage and the sync volt- 
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A27. Approximately -14 volts. 

A28. The time constant of the grid circuit of 
V^, the value of the cut-off bias of V ^, 
and the change in the plate voltage of Vj 
when it goes into conduction. 

A29- The B+ value, the plate load resistor, and 
the type of tube used. 
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Figure 43-38 - Synchronized plate coupled mul- 
tivibrator. 



age waveforms of the circuit, and will b<: used to 
clarify the discussion. 

In normal applications the amplitude of the 
sync signal is relatively small in comparison 
to the amplitude of the grid waveform (^gj). 
However, in order to emphasize the triggering 
action and the effect on the shape of the grid 
waveform, the sync signal amplitude has been 
made fairly large. 

It is assumed that switch Sj is OPEN and 
that the circuit is free running. Therefore, the 
shape and duration of ande^i (Figure 43-39) 
will be the same as discussed in section 43-8. 
Analysis of the circuit will commence at a time 
when Vj is conducting and is cut-off. This 
is shown by the fact that from Tj to T^, the 
grid of Vj is at zero volts and the plate voltage 
is low. At the normal switching action of 
the circuit is initiated and the grid of Vj is 
driven far into cut-off and the plate voltage in- 
creases towards B+. From to T3 the dur- 
ation of cut-off alternation is determined 
by the R^C^ discharge time constant. At T3 
Vj's grid voltage reaches cut-off and normal 
switching action is initiated. At T4 switch S\ 
is closed and the sync signal is applied to the 
grid of Vii At this time coupling capacitor Cj 
has completed its charge and the grid potential 
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is zero. At first glance it would appear that 
during the time T4 to T5 the positive sync volt- 
age would cause the grid to assume a positive 
potential. However, due to a special action, 
called GRID LIMITING, the grid potential will 
remain at approximately ze ro volt6. Grid limit- 
ing action can be explained by referring to the 
input circuit of Vj (Figure 43-38). Notice that 
the generator, the grid-to-cathode resistance of 
Vj, and the internal resistance (Rj) of the gen- 
erator, form a series circuit. As the sync 
voltage goes positive, grid current is drawn and 
is caused to flow in a counterclockwise di- 
rection in this series circuit. Since the internal 
resistance of the generator is VERY large in 
comparison to the grid- to-cathode resistance of 
the conducting tube, virtually all of the sync 
voltage is dropped across R- on the positive half 
cycle. Thus, a very small percentage of the 
positive voltage appears between grid and cath- 
ode, and for all practical purposes the grid 
waveform remains at zero during this time. 

At T5 (Figure 43-39) the synchronizing volt- 
age passes through zero and begins its negative 
half cycle. On the negative half cycle of the 
sync voltage, no grid current flows and vir- 
tually all of the sync voltage appears between grid 
and cathode, where it adds algebraically to the 
voltage produced across R^. The resultant grid 
waveform will be the sum of these two voltages. 
Thus, at T^ when the sync voltage becomes 
slightly negative it will cause Vj 1 s grid to assume 
a slight negative potential. This will decrease 
V^'s plate current slightly and, thereby, initiate 
the switching action. 
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Figure 43- 39 - Sine wave synchronization of the 
multivibrator. 

The heavy lines in Figure 43-39 represent the 
resultant waveforms due to the addition of the 
sync voltage. The light line represents the 
waveforms as they would be with no sync voltage 
applied. Notice that from T^ on, the light and 



Chapter 43 - SWEEP CIRCUITS 

heavy waveforms do not coincide. Due to the 
effect of the negative alternation of the sync 
signal, the grid voltage is caused to approach 
cut-off at a steeper angle. It will be recalled 
that the shallow angle of approach to cut-off 
allowed small variations of component values, 
etc. , to effect the frequency stability of the 
circuit. The steeper angle of approach is help- 
ful in eliminating the effect of these variations. 
At T^ the sync signal passes through zero and 
begins its positive alternation. The positive 
sync signal quickly forces the grid potential 
above cut-off and initiates the switching action 
before it normally would have occurred (as 
indicated by the light line waveform). From 
T^ to T7 the action is the same as explained 
between T4 and T5. At T7 the sync signal 
again begins its negative alternation, causing a 
negative grid potential, decreasing plate cur- 
rent, and initiating switching action. It can be 
seen that shortly after the application of the 
synchronizing signal the period of the multi- 
vibrator is forced to be the same as a period 
of the sync signal. It can also be seen that use 
of a sine wave as a sync signal, allows the sync 
signal to control BOTH the initiation of con- 
duction and the initiation of cut-off of the trig- 
gered tube. The waveforms of V2 will be the 
same as those shown for Vj, except that they 
will be displaced along the time axis by a dis- 
tance of one alternation( similar to Figure 43- 35). 

Although multivibrators can be synchronized 
with a sine wave voltage, a more accurate, and 
satisfactory, synchronization is obtained by the 
use of voltage pulses. These pulses may be 
either positive or negative, however, only posi- 
tive pulses are considered in this chapter. 

Figure 43-40 illustrates a free running plate 
coupled multivibrator which is synchronized by 
the application of positive pulses to the grid of 
Vj. A positive trigger pulse applied to the grid 
of a conducting tube has no effect on the action 
of the multivibrator (due to the grid limiting 
action explained previously). This is shown by 
the fact that pulses B and C, applied when Vj 
is conducting, do not noticably effect the shape 
of the grid waveform. 

However, when a positive trigger pulse is 
applied to a nonconducting tube, AND IS OF 
SUFFICIENT AMPLITUDE to raise the grid 
above cut-off, such as pulse D, the tubes are 
switched as current starts to flow in the tube 
which was formerly cut-off. Pulse D forces 
the tube into conduction just prior to point X, 
where it would have come into conduction nat- 
urally This causes the negative alternation of 
egi to be shortened, thereby, narrowing the 
positive alternation of e D i The positive al- 
ternation of egi is unchanged, thus, the cut-off 
time of V2 (negative alternation of ^r,z) re ~ 
main unchanged. This results in the positive 
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Figure 43-40 - Positive pulse synchronization 
of multivibrator. 



alternation of e^ remaining unchanged. In 
other words, the positive alternation of the 
triggered tubes plate waveform will be narrow- 
er than the positive alternation of the untriggered 
tubes plate waveform. 

If the t rigge r pulse occurs at a time, such as 
pulse A, the amplitude of the pulse will not be 
sufficient to raise the grid voltage to the cut-off 
value and the switching action will not be in- 
itiated. 

With the exception of the trigger pulse A, the 
grid waveform shown in Figure 43-40 is that of 
a free running multivibrator until pulse D arrives. 
Pulse D causes the period of the multivibrator to 
be shortened by an amount equal to the time be- 
tween Pulse D and point X. In order for proper 
synchronization to take place the period of the 
multivibrator must be greater than the interval 
between pulses. Then the trigger pulses cause 
the multivibrator to switch earlier in the cycle 
than it would if free running. As a result, the 
grid has not reached cut-off by the time pulse E 
is applied. This, the frequency of the multi- 
vibrator is forced to be the same as the frequency 
of the trigger pulses, and the multivibrator will 
be switched consistently at a time represented 
by point Y. 

It should be noticed, that while the sine wave 
synchronizing signal controlled both conduction 
and cut-off, the pulse synchronizing signal con- 
trols only the initiation of conduction. 

Q30. Could positive synchronizing triggers be 
applied to instead of Vj? 
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A30. Yes. The sync pulses could be applied to 
either tube. 



43-10. QS-8C/U Sweep Generator 

The purpose of this section is to analyze 
the action of an actual SWEEP GENERATOR, 
utilizing the knowledge of sawtooth generators 
and multivibrators gained in the previous sec- 
tions. The circuit chosen is the sweep circuit 
oscillator of the OS-8C/U oscilloscope. This 
circuit is basically a free running cathode coupl- 
ed multivibrator, with the addition of a saw- 
tooth forming capacitor across its output. 



For purposes of explanation, a simplified 
schematic of the sweep circuit oscillator is 
shown in Figure 43-41. 




Figure 43-41 - Simplified schematic of OS-8C/U 
sweep circuit oscillator. 



Notice that the circuitis similar in appearance 
to the monostable cathode coupled multivibrator. 
However, the small value of cathode resistor Rj, 
and the fact that BOTH grid resistors are re- 
turned to ground, allow the circuit to be free 
running. 

The tube is a dual triode 6J6 (with Vj repre- 
senting one triode section and V2 representing the 
other). Cj functions as the sawtooth forming 
capacitori C2 is the coupling capacitor. Ci will 
have a long charging time constant, due to the 
large RC product of its charging path (shown by the 
heavy dotted arrows in Figure 43-41). C 2 has 
a shorter charging time constant, due to the 
lower RC product of its charging path (shown by 
the heavy solid arrows). Capacitor C^ has a 
short discharge time constant, its discharge 
path being shown by the light dotted arrows. C2 
has a long discharge time constant, its dis- 
charge path being shown by the light solid 
arrows in Figure 43-41 

The waveforms used in the analysis of the 
circuit are shown in Figure 43-4Z. These 
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waveforms were obtained by connecting OS- 8C/U 
into the sweep generator circuit of a second 
OS-8C/U oscilloscope. The vernier frequency 
control of the test OS-8C/U oscilloscope was 
set fully clockwi se and the coarse frequency set 
in the number three (100-475 cps) position. 

Analysis of the circuit is begun at Tj (Figure 
43-42), at which time an inspection of the wave- 
forms indicates the oscillato r has just completed 
its retrace andis starting the sweep portion of its 
cycle. This is evident from the fact that e^j 
(which is also the voltage across the saw form- 
ing capacitor) is at its minimum value. At this 
instant V2 is conducting, and its current is 
causing approximately 0. 7 of a volt to be dropped 
across the cathode resistor Rj. V 2 's plate 
voltage is near its minimum value, causing C2 
to discharge through grid resistor R 2 . This 
applies a large negative potential to the grid of 
Vp as shown by the e R2 waveform at Tj. Since 
V| is cut off at this time, the saw tooth ca- 
pacitor (C^) will begin charging towards B+. 
However, its charging time constant is such 
that it will only reach a value of approximately 
70 volts by T 2 - Thus, only 20% of Cj's charge 
curve is used, providing a relatively linear 
sweep. 

As C 2 discharges between time one (Tj) and 
time two (T 2 ), the grid voltage of Vj (e R2 ) de- 
creases towards Vj's cut-off value (approxi- 
mately -12 volts). Also notice that between Tj 
and T 2 , V2's plate current increases slightly 
(as indicated by the gradual decrease of plate 
voltage waveform e^)- This is caused by the 
fact that a portion of V 2 's bias, during this 
time, is derived from the di scharge of C2 th rough 
Rj. As C 2 discharges, the bias on V2 decreases, 
causing a gradual increase in plate current. 

At T2 e R2 reaches -12 volts and Vj begins 
to conduct. At this instant an action similar 
to the switching action of a normal multivi brator 
takes place, and V 2 is cut off, Vj's plate 
current increases the cathode bias on V 2 ). The 
rounding of e^ 2 ' s leading edge is caused by the 
action of C 2 's charging cur rent through R^. The 
charging current of C 2 causes a positive potential 
on the gridof Vj , which increases its plate cur- 
rent and lowers its plate voltage. The lowering 
of Vj's plate voltage causes Cj to discharge 
rapidly through the relatively low resistance of 
Rj and the plate resistance of Vj (as indicated 
by the ret race portion of the sawtooth waveform 
e^j). At the instant T 2 , the current through 
Rj consists of Vj's plate current, V 2 's plate 
current, the charging current of C 2> and the 
discharge current of Cj. As expected, these 
currents will cause a sharp rise in the voltage 
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Figure 43-42 - Waveforms. 

across the cathode resistor R j ( notice the sharp 
increase in waveform e^, Figure 43-42). The 
cathode voltage, at 7 is approximately 7 volts. 
This effectively applies a -7 volts bias to V ? . 
As C£ charges, the positive grid voltage de- 
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crease8(eR2 decreases between T2 and T3). As 
Cj discharges, its current through Rj decreases 
(exponential decrease of e^ between T2 and T3). 
As the cathode voltage decreases, V^'s plate 
voltage will decrease, until (at T^) V^'s P* ate 
voltage falls below the potential on the positive 
plate of C2- This will cause C2 to begin dis- 
charging and initiate the cut-off of Vj and the 
charge of C.. 

At this point the circuit has completed a cycle 
of operation. Time one (Tj) to time two (T2) 
represents the sweep portion of the oscillator's 
cycle and time two to time three (T3) represents 
the retrace portion of the oscillators cycle. 

The actual schematic of the OS-8C/U oscil- 
loscope sweep generator is shown in Figure 
43-43. A six position switch (S104, coarse 
frequency) provides an operating range from 
3 cps to 50 kc. This range of frequencies is 
controlled by utilizing capacitors £^25 through 
^131* These capacitors act alternately and 
respectively as sawtooth generating capacitors 
for the second triode section (Vio8Bh and as 
coupling capacitors between the first and second 
triode sections. For example: With the coarse 
frequency switch Sjq4 set in position six (as 
shown in Figure 43-43), capacitor Cj is con- 
nected between the plate of Vjqqjj and ground, 
where it functions as a sawtooth capacitor. C131 
functions as the coupling capacitor in position 
six. However, when Si04 * 8 turned to position 
five, C130 (which was the sawtooth capacitor) 
now becomes coupling capacitor, and Cl29 be- 
comes the sawtooth capacitor. 

Adjusting the operating frequency within a 

given range (as determined by the coarse fre- 
quency switch) is accomplished by use of the 
vernier frequency control. Examination of 
Figure 43-43 shows that the vernier frequency 
control consists of a 5 megohm and a 1 megohm 
potentiornete r ' ganged" on the same shaft. The 
5 megohm potentiometer effects the operating 
frequency by varying the plate voltage of Vjggg, 
and the 1 megohm potentiometer effects the 
operating frequency by varying the RC product 
of the coupling network. The sawtooth output 
of the VjQgg section is applied to an ac voltage 
divider, consisting of and R[25- Since 

the ratio of these resistances is approximately 
10 to 1, the sawtooth waveform developed ac ross 
1*125 ( ana< f Ca< to tne horizontal cathode follower 
as the output of the sweep gene rato r) will be one 
tenth the amplitude of the VjQgg sawtooth. Ca- 
pacitors Cj42» ^123* an< * ^113 arc frequency 
compensating components while Cj24 functions 
as a coupling and dc isolation capacitor. R159 
is a grid current limiting resistor. The effect 
of this resistor is to provide a sharper output 
pulse. 

Q31. What is the purpose of the capacitor be- 
tween the plate of V108B an< * ground? 
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A31. To charge up slowly during the time 
VjQgg is cut off thus forming a saw- 
tooth waveform. 



Q32. If Sjq^ was moved from position 1 to po- 
sition 2, what would happen to the cut-off time 
°* V 108B ? 



ages to permit synchronization of the sweep 
oscillator. Line frequency voltage is supplied 
from one-half of the"X" filament winding of the 
power transformer and is 60 cps. External 
synchronization voltages are applied to the EXT. 
SYNC, binding post. ^io8' * rorn an outside 
source when the internal sources are not of 
sufficient amplitude etc. The internal frequency 
is supplied from the unbypassed cathode of the 
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Figure 43-43 - OS- 8C/U Sweep oscillator. 



43-11 Sync Selector and Amplifier 

Free running multivibrators are not fre- 
quency stable and must be synchronized. Syn- 
chronization must also be provided in the OS- 
8C/U. A synchronization channel is provided 
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Figure 43-44 - Sync selector and sync amplifier. 

to synchronize the sweep circuit oscillator 
The two blocks used to supply a synchronizing 
signal to the sweep oscillator in the OS-8 are 
the sync selector and the sync amplifier as 
shown in the detailed block diagram of the OS- 
8C/U. 

Referring to Figure 43-44 the sync selector 



switch. S 



103- 



provides a means of selection 



push-pull power stage of the vertical deflection 
amplifier, and through the decoupling resistor 
RlOg. It should be remembered, it is desired 
that the start of the sawtooth and the vertical 
signal be synchronized. 

The output from the sync selector switch 
5>103 is coupled by Cj^l to trie g 1 *^ °^^101B 
(sync amplifier) with R\c,\ as the grid resistor. 
1*153 acts as *he cathode biasing resistor. Plate 
voltage is obtained from the voltage divider 
network composed of 1/2 of Rj 



with the plate load resistor R} ^q. 



either external, internal or line frequency volt- 



454 m series 
This circuit 

is supplied by the low voltage B+ supply The 
LOCKING control R154 is connected from plate 
to cathode of Vjqj^ and has a fixed center tap 
which is connected to ground. 

An analysis of the circuits between the plate 
of VjoIB and ground will show that with a signal 
applied to the control grid, the high end of the 
LOCKING control, R154, will be electrically 
receiving signals developed at the plate of this 
tube; and the low end of the LOCKING control 
will be receiving signals from the cathode. 
When this control is at approximately the center 
of its rotation the re is no signal since the center 
of the control is grounded If this control is 
operated toward the plate side of a locking 

voltage would be obtained which would be out of 
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phase with the signal applied to the grid. If the 
LOCKING control is advanced toward the cathode 
side of R154 the locking voltage applied to the 
sweep circuit oscillator would be in phase with 
the synchronizing signal on the control grid. 

As a result of this circuit, the sweep circuit 
oscillator may be locked in with respect to in- 
coming synchronizing signals, either in phase 
or out of phase with these voltages. The am- 
plitude of the output signal increases as the arm 
on R154 is moved away from the center posi- 
tion, thus providing a method of selecting the 
amplitude of the output as well as the polarity. 

From the variable arm of R154 the sync 
signal is coupled to the sweep oscillator at pin 
5 of Vjqq through the coupling capacitor 

Q33. If the sync selector was in the internal 
position where would the sync signal be coming 
from? 

Q34. How many possible outputs c an be obtained 
from the sync amplifier? 

Q35. If the sync selector were in the external 
position and positive triggers were being fed 
into E^Qg, what polarity triggers would be fed 
to pin 5 (control grid) of V108A if tn e arm on the 
locking control was at the bottom of ^154? 

43-12. Intensity Modulation 

During the time that the sawtooth capacitor 
is discharging and the multivibrator coupling 
capacitor is charging, (conduction time of 
VjQgg), the cathode voltage increases. This 
develops a positive pulse at the cathode (Figure 
43-42) during the retrace time of the sawtooth 
waveform. This pulse has exactly the same 
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time duration as the retrace time of the saw- 
tooth capacitor, and is positive in polarity. 
This pulse may be applied through the jumpered 
contacts on the terminal board on the rear of 
the oscilloscope, to the grid of the INTENSITY 
MODULATION amplifier, V 1Q5B (Figure 43-45). 

The intensity modulation amplifier will am- 
plify and invert the signal. Then the signal will 
be coupled through C\^^ to the control grid of 
the cathode ray tube as a high negative signal 
to blank out the beam during retrace. This 
action is known as BLANKING. Figure 43-46 
shows the effect of blanking as compared to no 
blanking on an oscilloscope screen. If the 
blanking pulses were of large enough amplitude 
(perhaps 25 to 50 volts in some cases), the 
blanking pulses could be applied directly to the 
CRT. They could be applied to the grid if they 
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Figure 43-46 - Effects of retrace blanking. 

were negative, and to the cathode if they were 
positive. However, the blanking pulse is so 
small that it must be amplified. This is the 
function of the intensity modulation amplifier. 

Occasionally it is necessary to produce a 
series of evenly spaced markers along a trace, 
when internal blanking is disconnected. These 
markers provide a scale for measurement of 
equal periods of time. The markers can be 
either positive pulses, which will brighten the 
trace, or they may be negative pulses, which 
will blank out part of the trace when applied to 



s 



(A) INTENSITY MODULATED WITH NEGATIVE 
PULSES ON GRID 




(B) INTENSITY MODULATED WITH POSITIVE 
PULSES ON GRID 



Figure 43-45 - Intensity modulation amplifier. 



Figure 43-47 - Intensity modulation. 
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A3Z. It would decrease. 

A33. The vertical amplifiers. 

A 34. Two. 

A35. Positive. 



the control grid of the CRT. Figure 43-47A 
illustrates the use of markers which will blank 
out part of the trace, while Figure 43-47B illus- 
trates markers which intensify the trace. The 
external marker source is connected to the Z 
axis binding post of the scope, and is RC coupled 



to the intensity modulation amplifier which am- 
plifies and inverts the signal (Figure 43-45). The 
signal is now applied to the CRT. IntheOS-8C/U 
the pulses are RC coupled to the control grid of 
the CRT. 
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1. What are the requirements of the sawtooth 
waveform which is produced by the sweep 
circuits in an oscilloscope? 

2. What is a sawtooth waveform used for in 
an oscilloscope? 

3. If four cycles of a 1 00 Kc sine wave were 
seen on a scope, what would the frequency 
of the sawtooth generator be? 

4. Why is it necessary to synchronize the 
sawtooth generator? 

5. What blocks in the detailed block diagram 
of the OS-8C form the sweep circuits? 

6. What ci rcuit condition in the neon tube saw- 
tooth generator produces the rise time of 
the waveform? 

7. If the size of the capacitor in the neon tube 
sawtooth generator increased, what would 
happen to the output waveform, amplitude, 
frequency, linearity and duration? 

8. What is normally called the coarse fre- 
quency in a sawtooth generator? 

9. What happens to the output duration, am- 
plitude, frequency and linearity if the B+ 
applied to a gas tube sawtooth generator is 
inc reased? 

10. Why is the Bf in a gas tube sawtooth gen- 
erator normally set quite high with respect 
to the ionizing point of the tube? 

11. If bias is increased in a thyratron sawtooth 
generator what happens to: the firing po- 
tential, output amplitude, output duration, 
output frequency and output linearity? 

12. How does a variation in bias in a thyratron 
affect the deionizing point? 

1 3. When synchronizing a thyratron sawtooth 
generator with a sine wave, how would the 
natural frequency of the circuit be adjusted 
with respect to the desired output frequency? 

14. Is there any limit to the amplitude of the 
sine wave sync voltage that can be used 
with a thyratron sawtooth generator? 

1 5. What would happen to the output frequency 
of a thyratron sawtooth generator if a 
multiple frequency sync signal was being 
used and its amplitude were made very 
large ? 

16. What determines the output frequency of the 
hard tube sawtooth generator? 

17. What is the polarity of the gate pulse used 
to t rigge r the hard tube sawtooth gene r a tor ? 

18. What effect on output amplitude does an in- 
crease in the duration of the trigger to a 
hard tube sawtooth generator have? 

19. If in question 18, the amplitude is required 
to be maintained at a constant level, what 
could have been done to R or C? 

20. What effect on the output frequency of a 
hard tube sawtooth generator would an 



increase in R or C cause? 
21. What type of an output do multivibrators 
produce ? 

22 What three basic types of multivibrators are 
there? 

23 How many stable conditions does the Eccles- 
Jordan multivibrator have? 

24. If the trigger input frequency of a multi- 
vibrator is 8 Kc, what is the output fre- 
quency? 

25. If the input triggers to an Eccles-Jordan 
multivibrator are positive, which tube 
would be affected by them 0 

26. What is the relationship of the plate voltage 
waveforms in a multivibrator? 

27. Where is the output from an Eccles-Jordan 
multivibrator taken? 

28. Which tube in the one- shot cathode coupled 
multivibrator is normally conducting? 

29. What must be the polarity of the triggers 
used by a monostable multivibrator? 

30. What determines the length of timeVj con- 
ducts in the one-shot multivibrator after 
being triggered 0 

31. How many input triggers are required by 
the one-shot multivibrator for one cycle of 
the output waveform? 

32. What is the reason for returning the grid 
resistor to B+ in the one-shot multivibra- 
tor? 

33. Must the Eccles-Jordan and the one-shot 
multivibrators be triggered? 

34. What type of multivibrator is the basic 
plate coupled multivibrator? 

35. What determines the length of time V2 is 
cut off in the free running plate coupled 
multivibrator. 

36. If the size of C\ in the free running plate 
coupled multivibrator were increased, what 
would happen to the conduction time of V^, 
the cut-off time of Vi t and the frequency? 

37. What causes the rounded leading edge of the 
plate waveforms of the free running plate 
coupled multivibrator 0 

38. If the cut-off time of V\ in a symmetrical 
multivibrator is 500 u sec, what is the 
f requenc y ? 

39. If the size of the plate load resistor for 
Vj in a free running plate coupled multi- 
vibrato r we re inc reased, what would happen 
to: the amplitude of e p\, the cut-off time 
of V2, and the frequency? 

40. In order to synchronize a multivibrator 
which of the following should be greater 
its synchronizing frequency or its free run 
frequency ? 

41. How do positive sync triggers applied to 
the grid of a free running plate coupled 
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multivibrator synchronize the circuit? 

42. What determines the length of time V\ is 
cut off in the free running cathode coupled 
multivibrator with capacitor coupling be- 
tween the cathodes? 

43. What determines the cut off time of V £ in 
the free running cathode coupled multi- 
vibrator with capacitor coupling? 

44. The plate waveform of in a free running 
cathode coupledmultivibrator is more rec- 
tangular than the plate waveform of V2 in 
the plate coupled multivibrator. Why? 

45. What resistor in the free running cathode 
coupled multivibrator is normally used to 
control the output frequency? 

46. Which tube is cut off for the longest period 
of time in the free running cathode coupled 
multivibrator with direct coupled cathodes? 

47. What determines the conduction time of V \ 
in the free running cathode coupled multi- 
vibrator with direct coupled cathodes? 

48. What type of multivibrator is used for the 



sweep oscillator in the OS-8C/U? 
49- What is added to the basic multivibrator 
circuit used in the sweep oscillator in the 
OS-8C/U so that a sawtooth waveform can 
be produced 9 

50. What basically determines the frequency 
of the sweep oscillator in the OS-8C/U? 

51. What component in the sweep oscillator of 
the OS-8C/U insures that sweep amplitude 
doesn't change when frequency changes? 

52. The positive pulse on the cathode of the 
sweeposcillator occurs when which section 
of the tube is conducting? Why? 

53. What is the purpose of the sync selector? 

54. What signal, source, internal, external or 
line is normally the best one to use as a 
synchronizing signal for the sweep oscil- 
lator? 

55. Where does the blanking pulse originate? 

56. What is the purpose of blanking 0 

57. How is intensity modulation used in an 
oscilloscope? 



CHAPTER 44 
VERTICAL AND HORIZONTAL AMPLIFIERS 



The oscilloscope is a test instrument which 
must display an exact duplicate waveform of the 
signal or signals applied to its input. This 
means the oscilloscope must not cause any 
distortion of the applied signals. This is ac- 
complished through the use of linear class "A" 
amplifiers. The oscilloscope also must have a 
high input impedance to reduce the loading 
effect on the circuit or equipment being tested. 

The function of the horizontal and vertical 
amplifiers, in the oscilloscope, is to amplify 
the signal applied to them with minimum dis- 
tortion. These amplified signals are then 
applied to the horizontal and vertical deflection 
plates in the CRT, which will cause horizontal 
and vertical deflection of the electron beam. 

The horizontal amplifier section of a typical 
Navy oscilloscope will now be analyzed. 

44-1. Horizontal Amplifiers 

The horizontal amplifier channel is shown in 
block diagram form in Figure 44-1. It consists 
of the horizontal attenuator, horizontal cathode 
follower, the first and second direct coupled am- 
plifiers and the cathode ray tube. During the 
following discussion, reference to this block 
diagram will aid in your understanding of the 
basic operation of the following circuits. 

There are three possible inputs to the hor- 
izontal channel. Two external inputs and one 
internal. In the majority of cases when using 
an oscilloscope a linear time base is desired. 
In this case the signal fed into the horizontal 
channel would come from a sweep generator 
located inside the oscilloscope. In special 



cases a signal other than a sawtooth is used 
for horizontal deflection and the external inputs 
would be used. The selection of these various 
inputs is made with the horizontal attenuator 
switch. All inputs to the channel, except the 
external dc input, are fed to the horizontal 
cathode follower stage. The purpose of the 
horizontal amplifier is to increase the strength 
of the horizontal signal to achieve adequate 
lateral (horizontal) deflection of the CRT beam. 

44-2. Horizontal Attenuator 

The purpose of the horizontal attenuator is to 
select the desired type and adjust the strength 
of the signal fed into the horizontal channel. 

Since the input signal can vary considerably 
in amplitude, a means of coarse as well as fine 
amplitude adjustment is desirable. This is 
usually accomplished by the use of a step-switch 
attenuator and potentiometer. 

44-3. Basic Step-Switch Attenuator 

A basic step- switch attenuator is shown in 
Figure 44-2. 

The tapped resistor is merely an ac voltage 
divider where the output voltage (input to the 
HORIZONTAL amplifier) depends on the position 
of switch S\. The taps occur at calibrated in- 
tervals so the amount of attenuation or reduction 
of the input is known by the switch position. As 
the frequency applied to this network increases, 
the stray and input capacitance (represented by 
Cs) causes a shunting effect across the tapped 
portion of the voltage divider. This shunting 
action changes the resistance and impedance 



/hoamz\| 



SI02 
HORIZONTAL 
ATTENUATOR 




VI05A 
WZ-tt AT 7 
HORIZONTAL 
CATHOOE 
FOLLOWER 




VX*AVK*i 
It ATT 

fST H0A1Z. 
D C AMP. 


+ 

~l 


r 





V 10 f 

3NPI 
CATHOOE 
RAT 
TUIF 


VlOTA-VlOTi 

M 

2 ND HORIZ. 
DC AMR 











VKMA-VRM* 
tJ* 

SWEEP 

CIRCUIT 
OSCILLATOR 



Figure 44-1 - Block diagram of horizontal channel. 
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Figure 44-2 - Basic step-switch attenuator. 

ratios originally used in calibration. For this 
reason most attenuators have a high frequency 
compensating network added. 

44-4. Practical Attenuator 

A typical step attenuator with high frequency 
compensation is shown in Figure 44-3. With 
switch S102in the AC-1 position, R128is short- 
ed out, and the input is not attenuated, but is 
fed directly into the horizontal cathode follower 
stage. This position would be used for very 
weak signals where maximum deflection sensi- 
tivity is needed. 

When switch S102 is in the AC- 10 position, 
the input is reduced by a factor of 10 and in the 
AC- 100 position it is reduced by a factor of 100. 
This means that in the AC- 10 position 1/10 of 
the input is fed to the next stage and in the 
AC- 100 position, 1/100 of the input is used. 

With the horizontal attenuation control in the 
dc position, the connection to the horizontal ac 
input is removed, and the horizontal dc input 



jack E105 is connected to the horizontal gain 
control which can be used to adjust the magnitude 
of the dc voltage input before it is applied to the 
first horizontal dc amplifier thus bypassing the 
horizontal cathode follower. A simplified cir- 
cuit illustrating the switch in the AC- 10 position 
is shown in Figure 44-4. 

For all frequencies applied to the attenuator 
the resistors R128 and R126 have a ten to one 
resistance ratio. This resistance ratio would 
be adequate if the stray and input capacities of 
the next stage were not present. These capac- 
ities, represented by C s , tend to have greater 
shunting effect on R126 as the input frequency 
is raised. To compensate for this shunting 
effect CI 11 and C 1 14 are added to the network. 
Their values are chosen to give an approxi- 
mate reactance ratio between C 1 1 1 and the 
combined parallel capacity of C 1 14 and Cs of ten 
to one. This is calculated at the highest fre- 
quency to be passed. In the circuit shown in 
Figure 44-3 the uppe r frequency limit is 500 kc. 
Because of the difficulty of calculating the stray 
and input capacitance, and since it might vary 
for different tubes and operating voltages, CI 11 
is made variable to achieve this ratio under 
operating conditions. 

When switch S102 in Figure 44-3 is in the 
sweep position, the sweep generator is started 
and its output is fed to the input of the cathode 
follower stage. The length of the trace which 
this sawtooth voltage eventually produces can be 
varied by the horizontal gain control. 

To prevent the shunting of the step attenuator, 
the stage following it should have a high input 
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Figure 44-3 - Horizontal input attenuator. 
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Figure 44-4 - Simplified attenuator. 

impedance and low input capacity. A circuit 
which has these characteristics is a cathode 
follower and will be discussed next. 

Ql. What is the purpose of the horizontal atten- 
uator ? 

Q2. What does the horizontal switch S102 do to 
the sweep generator in the sweep position? 

Q3. What controls the amount of horizontal de- 
flection when the horizontal attenuator is in the 
sweep position? 

44-5. Horizontal Cathode Follower 

The basic cathode follower is a single stage, 
class A, degenerative amplifier, the output of 
which appears across the unbypassed cathode 
resistor. No plate load resistor is used and 
the plate is at ac ground. The basic cathode 
follower circuit is shown in Figure 44-5. 

When the positive alternation of the input 
signal is applied to the grid, plate current in- 
creases. The increase in plate current will 
cause a greater voltage drop across the cath- 
ode resistor. Since the plate current will vary 
sinusoidally, the voltage drop across the cathode 
resistor, Er^, will also vary sinusoidally as 
shown in Figure 44-5. The output will be a sine 
wave, the reference level of which is the quies- 
cent cathode voltage. 

Equating a series loop from the grid to the 
cathode the ac voltage changes are series 




opposing. In Figure 44-5 the following is there- 
fore true: 

e e = e 3 - e Q (44- 1) 



where: eg = ac grid to cathode voltage 
cc = ac input signal 
e Q = ac output signal 

The tube plate current is controlled by eg. If 
the output voltage change, e Q , were to equal the 
input voltage change, es, the grid voltage, eg, 
change would be zero resulting in no original 
change in plate current. This is an impossible 
condition. Therefore, the ac output voltage 
from a cathode follower must always be less 
than the input voltage. For this reason, the 
voltage gain of a cathode follower is less than 
unity although it will subsequently be shown that 
the circuit is capable of a power gain. As the 
name implies, the output voltage follows the 
input voltage. It not only has the same wave- 
form, but also the same instantaneous polarity. 
It should be noted that the voltage gain of less 
than unity only applie s to the ac voltages and not 
to the dc component of the output. 

The circuit shown in Figure 44-5 can be 
represented by the equivalent circuit shown in 
Figure 44-6. 

where: p = amplification factor 
rp - ac plate resistance 

eg = as shown in formula 44- 1 
According to Ohm's law: 



_ voltage applied 
total resistance 



then: 



_ H( C 3- C q) 

*P " r p f R k " r p + R k 
e Q = eRk = ] p R k 



(44-2) 




Figure 44-5 - Basic cathode follower. 



Figure 44-6 - Equivalent circuit of a cathode 
follower. 
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Al. To adjust the amplitude of the signal fed 
to the horizontal amplifier. 

A2. Section E of the switch applies B+ to the 
sweepgenerator and section B of the switch 
couples the sweep generators output into 
the horizontal cathode follower. 

A3. The ac horizontal gain control. 



substituting in equation (44-2) gives: 

Ftea - ipRk) 
" r p + R k 

This equation can be solved for ip as follows: 
ip(rp f Rk) = pe s - pi p R k 

ip(r p +Rk)+ HipRk = He s 
i p (r P +R K + r 1 ^k) = ^ e s 



voltagegain = yR^ (44 " 3) 

Upon examination of equation (44-3) it can be 
seen that the denominator will always be greater 
than the numerator thus the voltage gain of the 
cathode follower will always be less than one. 

In comparing the output voltage formula of a 
cathode follower to a conventional triode RC 
coupled amplifier, the tube used as a cathode 
follower appears to have an amplification factor 
equal to u/u + 1, and an ac plate resistance equal 
to rp/u +1. From this comparison another 
equivalent circuit may be drawn that more 
closely represents the cathode follower. This 
modified equivalent circuit is illustrated in 
Figure 44-7. 

Q4. What is the phase relationship between the 
input signal and the output signal of a cathode 
follower ? 

Q5. How does the amplification factor of a tube 
used as a cathode follower compare to the am- 
plification factor of a conventional RC coupled 
amplifier? 



P r p fR k+P R k 
Me s 

X P " r p + R k (u + 1) 
since: e Q = i p R k 

ue s R k 
C ° " r p + R k (u + 1) 

The voltage gain of the amplifier is equal to: 
e Q (voltage out) 



voltage gain = 



e s (voltage in) 



therefore: 



voltage gain = — - 



u e_R 



s'^k 



voltage gain 



e s r P fR k<M + *> 



P e s R k 



— e s 



44-6. Output Impedance 

The impedance (Z Q ) 'looking back" from 
points A and Bin Figure 44-7 consists of a par- 
allel network composed of the ac plate resistance 

— ^ and the cathode resistor. The constant volt- 
u + l 

age generator may be considered a short ci rcuit. 
Therefore, the following equation may be used 
to determine the value of the output impedance, 
Zo- 

Using the product over the sum formula for 
parallel impedance: 



1 + U K 

7-f + R w 

1 + M k 




Figure 44-7 - Modified equivalent circuit of 



cathode follower. 
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r p + (1 + u)R k 



(44-4) 



therefore: 



In general, this equation shows that the 
output impedance (Z 0 ) of a cathode follower 
is less than R^ and is usually resistive in 
nature. This makes the cathode follower capa- 
ble of feeding a low impedance load. 



Dividing through by e s : 



44-7. Input Impedance 

The input impedance of a cathode follower is 
high and the effective input capacitance is low 
when compared with like values of a conven- 
tional amplifier. 

Both of these characteristics of the cathode 
follower result from the degenerative action that 
occurs due to the un-bypassed cathode resistor. 
The equivalent circuit for the input impedance 
is shown in Figure 44-8. 

The apparent input impedance as seen by the 
generator is Z a . The input signal is represent- 
ed by eg. According to Ohm's law: 



Substituting equation (44-1) for e^: 



liL 



" a p - p 
s c o 



Z a = 



— = voltage gain A 



Since the output voltage opposes the input volt- 
age, the voltage applied between the control grid 
and cathode equals e s -e Q . 

According to Ohm's law: 




Since the current in these two equations is the 
same: 




and: 

Z a eg = e s Zg 



e g 1 




Figure 44-8 - Input impedance. 



therefore: 




In the equation (44-5) the denominator will 
always be less than one so the apparent input 
impedance Z a , as seen by a source, will always 
be larger than the input impedance of a conven- 
tional amplifier. 

The reduced input capacitance results from 
the fact that degeneration reduces the amplitude 
of the ac component of the grid -to - cathode 
voltage, or in effect increases the input imped- 
ance, and thus causes less current to flow 
through the tube capacitances. 

Q6. Why is the ouptut impedance of a cathode 
follower less than the value of Rk? 

Q7. What effect does the low input capacity ofa 
cathode follower have on the previous stage? 

44-8. Advantage s of Cathode Followers 

One of the principal advantages of a cathode 
follower is that it can be used to match a high 
impedance to a low impedance. Thus it can take 
the voltage developed across a high impedance 
and supply a low impedance load with only a 
slightly less voltage but with a correspondingly 
large increase in current. One or more of the 
circuit elements of a cathode follower may be 
varied to achieve a more precise impedance 
match if the match is critical. 



58 



Chapter 44 - VERTICAL AND HORIZONTAL AMPLIFIERS 



A4. 



A5. 



A6. 



A7. 



Ihey are in phase, e^ and i^ are in phase 
and e Q is caused by through R^ . 

The conventional amplifier has an ampli- 
fication factor of u and a cathode follower 

has an apparent amplification factor of r 1 . 

The apparent ac plate resistance appears 
in parallel with and lowers the total 
impedance. 

The lower the input capacity, the less 
the shunting effect at high frequencies. The 
result is a better high frequency response. 



When tubes having a high mutual conductance 
are used, the low value of output impedance 
extends the amplification into the upper range 
of frequencies because the shunting effects of 
interelectrode and distributed capacitances are 
proportionately smaller. The low-frequency 
response is improved by allowing the dc com- 
ponent of cathode current to flow in the load, 
thus avoiding the use of a series blocking ca- 
pacitor. 

The degenerative effect caused by the un- 
bypassed cathode resistor increases the input 
impedance. Thus less shunting effect is offered 
to the previous stage, and a better overall fre- 
quency response is produced. 

As stated before, the input and output voltages 
have the same instantaneous polarity. When 
pulses are used it may be necessary to feed 
a positive- or a negative-going pulse to a load 
without polarity inversion. The cathode follower 
could thus serve two purposes: to prevent 
polarity inversion and to afford an impedance 
match. 

Circuit stability is also improved, as in 
regular amplifiers, by degenerative feedback. 
Specifically, amplitude distortion occurring 
within the tube, the effect of plate supply volt- 
age variations, aging of tubes, production of 
harmonics, and other undesirable effects that 
occur within the stage are 'counteracted by this 
type of circuit. 

However, these advantages are achieved at 
the expense of an overall reduction in voltage 
gain. Normally, the voltage gain is slightly 
less than unity, but the circuit is capable of 
producing a gain in power. 

Q8. What is the phase relationship between the 
input and output voltage of a cathode follower? 



impedance, the cathode follower can be used to 
match the impedance of a step-attenuator to a 
variable gain control. A typical cathode follower 
used in the horizontal channel ofan oscilloscope 
is shown in Figure 44-9. It should be noted that 
the heavy black line represents signal flow and 
not necessarily current flow. 

Any voltage applied to the control grid pin 2 
will appear slightly reduced across the cathode 
resistor Rj This signal is capac itively coup- 
led to the horizontal ac gain control. Blocking 
capacitor C 1 16 blocks the dc component of the 
output and passes only the ac signal. Due to the 
impedance characteristics of the cathode follow- 
er, the gain control (possessing a small value 
of resistance, 3k), has a negligible loading 
effect on the input. The gain control provides 
fine adjustment of the signal fed into the first 
horizontal dc amplifier. It must be remembered 
that the step switch attenuator and the horizontal 
gain control together set the amplitude of the 
ac signal fed into the first horizontal amplifier. 

Under normal operating conditions the output 
of a cathode follower stage is practically free 
of amplitude distortion. However, if the input 
signal swings the grid voltage too far negative, 
the output waveform will be limited or distorted 
in amplitude with respect to the input waveform. 
Beyond a certain negative value of grid voltage 
the plate current will be cut off and any further 
increase in negative grid potential will cause no 
corresponding change in plate current. 

To prevent this distortion the attenuator 
should be at the maximum attenuation position 
before applying a signal of unknown amplitude to 
the horizontal channel. 
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44-9. Practical Cathode Follower 

Due to its high input impedance and low output 



Figure 44-9 - Horizontal cathode follower. 
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In the practical cathode follower circuit in 
Figure 44-9, the input resistor is in parallel 
with the apparent input impedance discussed in 
section 44-8. The actual input impedance can 
be no higher than the value of this grid resistor, 
but the loading effect on this resistor is much 
less in a cathode follower stage than in a con- 
ventional amplifier. R137 acts as a bleeder re- 
sistor for Cl34 c . 

The horizontal cathode follower feeds the 
first direct coupled amplifier. 

Q9. What causes distortion of the output signal 
of a cathode follower ? 

Q10. In a practical cathode follower what effect 
does the grid leak resistor have on the input 
impedance ? 

DIRECT COUPLED AMPLIFIERS 

44-10. Basic Direct Coupled Amplifier 

An amplifier whose coupling networks con- 
sists of direct connections is called a dc 
(DIRECT COUPLED) amplifier. A direct cou- 
pled amplifier is used to amplify direct current 
voltage changes as well as ac voltage changes. 
The use of direct coupled amplifiers in the 
horizontal channel of an oscilloscope permits an 
ac signal voltage to be superimposed on a dc 
reference voltage, thus providing a method of 
centering or positioning the pattern on the face 
of the CRT. This method of centering will be 
discussed later. 

The simplest form of dc amplifier consists 
of a single tube with a grid resistor across 
the input and a load connected in the plate 
circuit, as shown in Figure 44- 10A. 

The direct current voltage change to be am- 



plified is applied directly to the grid of the 
amplifier tube. Therefore, direct coupling is 
required in the input circuit. A capacitive 
input circuit is also shown to indicate how the 
capacitor changes the direct current voltage to 
an ac signal. 

In the capacitor input circuit of Figure 44- 10B, 
graphs of the signal voltage, grid voltage and 
plate current are shown. 

The applied dc voltage charges the capacitor 
and momentarily the voltage drop across Rg 
equals the applied voltage change. This volt- 
age then appears between the grid and cathode 
of the tube. However, when the capacitor is 
charged up to the value of the dc input voltage, 
the current stops flowing through Rg and the 
grid returns to its original value, that of the 
bias voltage. Thus, except for the original 
surge of plate current, which occurs when the 
capacitor is charging, there is no increase in 
voltage across Rl and hence no amplification. 

In the direct coupled input circuit of Figure 
44-10A, the graphs of input signal, grid voltage, 
and plate current are shown above the circuit. 
The input signal is like that in Figure 44- 10B 
but here the similarity ends. With no input 
signal the negative bias voltage is present on 
the grid of the tube and a steady value of plate 
current flows. This action causes a fixed 
voltage drop across Rj^. When a direct voltage 
of the polarity indicated is applied across the 
input terminals, there is no blocking action by 
a capacitor as in the previous case. Instead, 
the applied signal continues as a steady voltage 
drop across Rg canceling a portion of the 
negative bias. The net bias then drops to the 
new value indicated in the grid voltage graph. 
This reduction in grid bias causes a greater 
current flow in the plate circuit, and thus a 



INPUT SIGNAL VOLTAGE 



PLATE CURRENT INPUT SIGNAL VOLTAGE 



PLATE CURRENT 



GRID VOLTAGE 



GRIO VOLTAGE 



+ o- 



STEAOY 

0C R 0 
INPUT 1 



-I'l'l'h 




niRECT INPUT 



CAPACITOR INPUT 



Figure 44-10 - Comparison of direct input and capacitor input to dc amplifier. 
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A8. The input and output voltage are in phase 
and have the same instantaneous poLarity. 

A9. The amplitude of the input signal is too 
large. 

A 10. The input impedance can be no higher 
than this value of resistance. 



greater drop appears across Rl- Thus, the 
increase in plate current is sustained as long 
as the input signal voltage exists at the corre- 
sponding level that caused the plate current to 
increase . 



Qll. In Figure 44-10 what limits the signal 
amplitude ? 



44-11. Direct Coupled Amplifiers in Cascade 

In each of the coupling circuits that have been 
considered so far, the coupling device isolates 
the dc voltage in the plate circuit of one tube 
from the grid circuits of the next tube; but they 
are designed to transfer the ac component with 
minimum attenuation. 

In a direct coupled amplifier, on the other 
hand, the plate of one tube is connected directly 
to the grid of the next tube without going through 
a capacitor, a transformer, or any similar 
coupling device. This arrangement presents a 
problem of voltage distribution. Since the plate 
of a tube must have a positive voltage with 
respect to its cathode, and the grid of the next 
tube must have a negative voltage with respect 
to its cathode, it follows that the two cathodes 
cannot operate at the same potential. Proper 
voltage distribution is obtained by a voltage 
divider, as shown at A, B, C, D, and E in Fig- 
ure 44- 1 1 . 

In this amplifier the plate of VI is con- 
nected directly to the grid of V2. The grid 
of V 1 is returned to point A through Rgl- The 
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Figure 44-11 - Direct- coupled amplifier. 



cathode of VI is returned to point B. The grid 
bias for VI is developed by the voltage drop be- 
tween points A and B of the voltage divider. The 
plate of VI is connected through its plate load 
resistor, Rl, to point D on the divider. Rl also 
serves as the grid resistor for V2. 

Since the plate current from V 1 flows through 
RL, a certain amount of the supply voltage ap- 
pears across RL- The amount of voltage de- 
veloped across Rl must be allowed for in 
choosing point D on the divider. Point D is so 
located that approximately half of the available 
voltage is applied to the plate of VI. The plate 
of V2 is connected through a suitable output 
load, R, to point E, the most positive point on 
the divider. Since the voltage drop across Rl 
may place too high a negative bias on the grid 
of V2, it may be necessary to connect the 
cathode of V2 at point C, which is negative with 
respect to point D, in order to lower the bias 
on the grid of V2 (since the voltages across 
RL^nd CD are in opposition). Point C, together 
with the value of R, determines the proper volt- 
age for V2. 

The entire circuit is a complex resistance 
network that must be adjusted carefully to obtain 
the proper plate and grid voltages for both 
tubes. If more than two stages are used in 
this type of amplifier, it is difficult to achieve 
stable operation. Any small changes in the 
voltages of the first tube will be amplified 
and will thus make it difficult to maintain 
proper bias on the final tube connected into 
the circuit. Because of the instability thus 
encountered, direct coupled amplifiers are 
practically always limited to two stages. Fur- 
thermore, the power supply must be twice that 
required for one stage. 

One method of supplying the range of voltage 
needed is to use a power supply which provides 
approximately equal amounts of both positive and 
negative voltages with respect to ground. This 
allows cascading without necessitating exces- 
sively high plate supply voltages. In Figure 
44-11, either point C or point D might properly 
be tied to ground potential. 

When the tube voltages are properly adjusted 
to give class A operation, the circuit serves as 
a distortionless amplifier whose response is 
uniform over a wide frequency range. This 
type of amplifier is especially effective at the 
lower frequencies because the impedance of the 
coupling elements does not vary with the fre- 
quency. Thus a direct coupled amplifier may 
be used to amplify very low frequency variations 
in voltage. Also, because the response is prac- 
tically instantaneous, this type of coupling is use- 
ful for amplifying pulse signals where all dis- 
tortion caused by the coupling elements must be 
avoided . 
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Q12. What is the primary advantage of a direct 
coupled amplifier compared to an RC coupled 
amplifier ? 

44- 12. First Horizontal DC Amplifier 

The first horizontal amplifier discussed will 
be a frequency- selective paraphase amplifier 
directly coupled to the output amplifier. The 
first dc amplifier is shown in Figure 44-12. 

When the circuit is amplifying ac voltages 
or the internally generated sweep, the input to 
the grid of V106A comes from the ac horizontal 
gain control in the output of the cathode follower 
stage. In all the ac positions the cathode 
resistor R134 is bypassed to prevent degener- 
ation. 

When the circuit is amplifying dc voltages the 
input to the grid of V106A comes from the dc 
horizontal gain control. 

The bias for V106A is equal to the voltage 
dropped across R134. The bias for V106B is 
the voltage dropped across R136. Under normal 
static conditions the dc plate voltage of V106A 
would be equal to the dc plate voltage of V106B. 
This would result in both deflection plates having 
equal positive dc voltages which would place the 
beam in the center of the CRT screen. By 
adjusting the horizontal centering control R136 
the resultant bias on V106B can be changed. 
This causes a change of V106B dc plate voltage. 
The dc output voltage at point B can be changed 
in respect to the dc output voltage at point A, 
thereby providing a method of positioning the 
CRT beam at any desired horizontal position on 
the CRT screen. It should be remembered that 
a paraphase amplifier depends on an ac voltage 
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divider network for proper operation. The 
operation of this amplifier is as follows. 

The horizontal ac signal is coupled to the 
grid of V106A. An amplified ac is felt on the 
plate of V106A. This is the ac signal present 
at output A as shown in Figure 44-12. CI 19, 
R187 and R138 form an ac voltage divider. At 
low and medium frequencies the resistance ratio 
between R187 and R138 primarily determines 
the voltage division. The ac signal across R138 
is very small at this time. 

As the frequency applied to the horizontal 
channel is increased the reactance of C 1 19 starts 
to shunt R187 resulting in more signal develop- 
ing across R138. This signal across R138 is 
the input to V106B. The ac output of this stage 
(output at point B) is 180° out of phase with the 
output of V106A. Both output signals are riding 
equal dc reference levels but are not necessarily 
equal in amplitude. This unbalance in ac output 
amplitudes will be discussed later. 

Q13. How does the horizontal centering control 
R136 control the plate voltage of V106B? 

44-13. Push-Pull Deflection 

Balanced deflection is achieved when signals 
of equal amplitude but opposite phase are applied 
to both deflection plates. This is in contrast 
to single ended deflection where a signal is 
applied to one deflection plate and the other 
plate is at ground potential. 

Most oscilloscopes employ push-pull am- 
plifiers in the horizontal deflection channel to 
achieve push-pull deflection. In push-pull de- 
flection using push-pull amplifiers, the ampli- 
tude of the driving signal required is one-half 
the amplitude of a signal required for single 
ended deflection systems. In Figure 44-13 
where a dc voltage is used, the same results 
would be obtained if an ac signal were used. 

In Figure 44- 13 a ten volt signal is applied 
to the left deflection plate and the right deflection 
plate is grounded. This deflects the CRT beam 
one inch to the right. The same amount of de- 
flection can be produced by applying one-half 
of this voltage, but of different polarity, to 
both plates. This is illustrated in Figure 44-14. 




Figure 44-12 - First direct coupled amplifier. 



Figure 44-13 - Single ended deflection. 
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All. The dc voltage input change cannot over- 
come and exceed the fixed bias Eq or 
distortion (grid current) would result. 

A 12. Extended low frequency response all the 
way down to dc (zero cps). 

A 13. By changing the cathode resistance and 
therefore the bias on V106B. 




Figure 44-14 - Push-pull deflection. 

This opposite polarity driving signal may be 
achieved by using a push-pull amplifier output 
stage, or a paraphase amplifier. 

Q14. What is the primary advantage of push-pull 
deflection ? 

44-14. Second Horizontal DC Amplifier 

A push-pull amplifier, with a paraphase am- 
plifier driving it, is illustrated in Figure 44-15. 
This push-pull amplifier is not a conventional 



push-pull amplifier but is sometimes referred 
to as a cathode coupled push-pull amplifier. 

The two control grids of the push-pull am- 
plifier are directly coupled to the plates of the 
paraphase amplifier. Eachgrid is approximately 
72 volts positive in respect to ground. The 
cathodes are tied together and connected to a 
common resistive network composed of R141 
and R142. Since the plate load resistors are 
identical the quiescent currents through the 
tubes will be equal. The sum of these two cur- 
rents will provide a cathode voltage of approxi- 
mately 76 volts. This will give approximately 
minus 4 volts bias for each tube. 

The bias control R141 is provided so that 
compensation for tolerances in resistors and 
electron tubes may be made in order to main- 
tain the proper bias on the final stage. Proper 
adjustment of R141 is obtained when the voltage 
drop across the plate load resistors R145 and 
R146is 90 volts, with the electron beam center- 
ed horizontally on the screen of the CRT. 

The plates of V107A and V107Bare connected 
directly to the horizontal deflection plates of the 
CRT. 

The ac driving signal is directly coupled to 
the grid (pin 6) of V107A. For simplicity, a 
positive alternation of the horizontal ac signal 
at the plate of V106A (Figure 44-15) will be used 
With a positive going signal applied, the plate 
current of V107A will increase, producing a neg- 
ative goingalternation of plate voltage and caus- 
ing a positive voltage to be felt on the cathode. 
Since the cathode is common to both stages 
this rise will affect V107B. The grid of V107B 
is effectively atac ground. The positive cathode 
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Figure 44-15 - First and second direct coupled amplifier. 
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voltage causes the same effect as a negative 
control grid. This action results in a decrease 
in the plate current of V107Band tends to reduce 
the cathode voltage drop. It should be evident 
that Vl07B's decrease in plate current is not 
equal to Vl07A's increase. If this were the 
case, there would not be a change of voltage 
across the cathode resistors. 

This latter statement indicates that the change 
in plate current of V107A must always be more 
than the change in V107B's pLate current. Since 
the plate load resistors and tubes are identical, 
the gain of V107A is the same as the gain of 
V107B. Therefore, the output voltage of V107A 
would be slightly larger than the output voltage 
of V107B because it has a larger signal applied. 

To compensate for this unbalance in the 
push-pull amplifier, because of the cathode 
follower degenerative action and the degenerative 
action of the common cathode resistors, some 
signal is coupled into the grid of V107B from 
the paraphase amplifier. The amount of signal 
coupled is just enough to compensate for the 
losses in gain. 

As the input frequency to the first and second 
dc amplifiers is increased, a loss of gain occurs 
due to the shunting effects of stray and inter- 
electrode capacitance. To correct for this, 
more signal is coupled into V106B by the shunt- 
ing effect of CI 19. 

By not operating the push-pull amplifiers with 
driving signals of equal amplitude, at low and 
medium frequencies, the deflection sensitivity 
is less than maximum. The overall deflection 
sensitivity can be improved by approaching a 
condition of equal driving signals as the input 
frequency is increased. This counteracts the 
loss of gain due to shunting capacity at high 
frequencies and keeps the deflection sensitivity 
of the horizontal channel uniform over the 
frequency range of from one cps to 500 kc. 

Since the circuit is push-pull any Bf variation 
caused by fluctuating line voltages has little or 
no effect on the centering of the beam of the 
CRT. This is because a dc voltage change on 
one deflection plate is accompanied by an equal 
voltage change on the other deflection plate. 

Q15. Would the dc grid voltage of V107A be 
equal to the dc grid voltage of V107B under all 
conditions? 

44-15. Horizontal Channel Used to Indicate DC 
Voltages 

Figure 44- 16 shows the input circuitry to the 
horizontal channel when the attenuator switch 
S102 is in the dc position. 

When the horizontal channel is used to indicate 
dc voltages the input circuit to the first dc am- 
plifier is modified and becomes a direct coupled 
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Figure 44- 16 - DC voltage measurement. 



input circuit. When the horizontal attenuator 
switch S102 is in the dc position there is a nega- 
tive contact potential developed on the grid of 
V 106A due to the high impedance of the horizontal 
dc gain control R129A. This condition is can- 
celed by the selection of a positive potential by 
the horizontal dc balance control R135, which 
is in series with R133. 

Improper adjustment of R135 will result in a 
shift of the electron beam with various settings 
of the horizontal gain control R129A. Proper 
adjustment of the horizontal balance control is 
made when rotation of the horizontal gain control 
has no effect on the position of the horizontal 
trace. 

The dc voltage to be measured is developed 
across the horizontal gain control R129A. This 
potentiometer is used as a variable voltage 
divider. The voltage selected by the position of 
this control helps to bias the first dc amplifier 
V106A. This bias controls the dc plate voltage 
of V106A. Due to direct coupling V106A in turn 
controls the push-pull amplifier V107A which 
positions the beam on the CRT proportional to 
the dc input voltage. 

44-16. Vertical Amplifiers 

The vertical amplifier channel is shown in 
block diagram form in Figure 44-17. 

There are two possible inputs both of which 
are external. In most cases, the signal to be 
viewed on the oscilloscope is applied to the 
vertical deflection amplifier. The specific 
signals that would be applied to the vertical 
channel is dependent on the type of equipment 
under test. The vertical channel provides two 
useful outputs. One is to the CRT for beam 
deflection and the other is sent to the sync, 
selector for the purpose of synchronizing the 
sweep generator with the vertical signal. 
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A14. Higher deflection sensitivity for the oscil- 
loscope deflection channel. 

A15. No. The dc grid voltages would only be 
equal if the beam were positioned in the 
center of the screen. 



The ac input signal is coupled through the 
vertical attenuator to the vertical cathode 
follower. The dc input signal is coupled through 
the attenuator but bypasses the vertical cathode 
follower. 



re spectively. The voltage divide r networks have 
capacitors added for high frequency compen- 
sation as in the horizontal channel. With S101 
in the dc position the ac input terminal J 101 is 
grounded through C105. In all the ac positions 
section C of switch S101 connects C108 across 
the cathode re sistor of the first dc amplifier and 
prevents cathode degeneration. Section D of 
switch S101 applies the output of the cathode 
follower stage to the first dc amplifier in the 
ac positions. In the dc position the input from 
terminal E10Z is applied to the dc vertical gain 
control through section D of switch S101 of the 
first vertical dc amplifier. 



44- 17. Vertical Attenuator 

As in the horizontal channel the purpose of the 
vertical attenuator is to select the type and 
strength of signal fed into the vertical amplifier 
channel. The vertical amplifiers are fixed gain 
amplifiers and the output amplitude is adjusted 
by adjusting the input. The most common type 
of vertical attenuator employs a step-switch 
control. An ideal attenuator usually has a 
variable potentiometer for five amplitude adjust- 
ments. This potentiometer control is usually 
low in resistance and would tend to load down 
the attenuator if it were connected directly 
across the attenuator. For this reason, the 
potentiometer should have an impedance match- 
ing device between it and the attenuator. This 
impedance matching is accomplished by the use 
of a cathode follower stage. 

44-18. Practical Attenuator 

Figure 44- 18 shows a practical vertical atten- 
uator. 

Section A of switch S101 selects the voltage 
divider to be used, and couples its output into 
the grid of the cathode follower stage. In the 
AC-1 position the ac signal receives no atten- 
uation. 

WithSlOl in positions AC- 10 and AC- 100, the 
input is attenuated by a factor of 10 and 100 



44-19- Vertical Cathode Follower 

Figure 44-19 shows a practical vertical 
channel cathode follower. 

The operation of the vertical cathode followe r 
is identical to that of the horizontal cathode 
follower discussed in section 44- 5. Its main 
purpose is to provide an impedance match be- 
tween low impedance of the ac gain control 
R104B and the attenuator network. The output 
of the cathode follower stage is sent through 
switch S101 section D in Figure 44-18 to the 
grid of the first dc amplifier. 



DIRECT COUPLED VERTICAL AMPLIFIERS 

44-20. First Direct Coupled Vertical 
Amplifier 

Figure 44-20 shows the first and second dc 
vertical amplifiers. 

The operation of the first vertical dc am- 
plifier is essentially the same as the horizontal 
amplifieras discussed in paragraph 44- 12. One 
primary difference, however, is the bias control 
of V102B. The cathode pin 8 is connected 
through R189 to B + . 

This resistor and the vertical positioning 
control, Rill, form a voltage divider network. 
The voltage drop across Rill is a resultant of 
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Figure 44-17 - Block diagram of vertical channel. 
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i 

B+ 




Figure 44-19 - Vertical cathode follower, 
the sum of the divider current and normal tube 
current. This entire network provides a wider 
range of bias voltage available to V102-B when 
Rill is varied. 

Capacitor C109 and R 1 1 3 forma frequency 
sensitive ac voltage divider network. As the 
frequency applied to the vertical amplifiers is 
raised, more signal is developed across R 1 1 3 . 
Theac outputs of the first dc amplifier are 180° 
out of phase but not necessarily equal in ampli- 
tude. The first dc amplifier is directly coupled 
to the push-pull amplifier. 



44-21. Second Direct Coupled Amplifier 

The operation of the push-pull vertical am- 
plifier is similar to the operation of the hori- 
zontal push-pull amplifier as discussed in 
section 44-14. The low values of plate load re- 
sistance (3. 6K) are used, primarily, to increase 
the frequency response of the secondd-c vertical 
amplifiers. The pentodes in this circuit will 
compensate for loss of gain due to the low value 
of plate load resistors. In addition, pentodes 
allow use of the screen grid for a linearity 
control. This particular circuit has an upper 
frequency response of approximately 2 Mc. 
Since the push-pull amplifiers are cathode cou- 
pled there is a driving signal developed across 
the common cathode resistor. This vertical 
signal is coupled from the cathodes of the push- 
pull amplifier for the purpose of synchronizing 
the sweep generator to the signal being viewed. 

The bias adjustment potentiometer, R119, is 
provided to compensate for tole ranees in resis- 
tors and electron tubes. Proper adjustment of 
R119 is obtained when the voltage drop across 
R123 or R124 in this circuit is 45 volts with 
the electron beam vertically centered on the 
cathode-ray tube. 

The linearity adjustment R 12 1 is incorporated 
in the circuit to adjust the voltage on the screen 
grids of the final push-pull amplifier. The lin- 
earity control is adjusted to provide an undistort- 
ed vertical presentation regardless of the trace 
placement (vertically) on the screen of the CRT. 
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Figure 44-20 - Vertical amplifiers. 
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EXERCISE 44 



1. Why do most attenuators employ high fre- 
quency compensation? 

2. Why is the horizontal cathode follower not 
used when measuring dc voltages? 

3. What would be the output of a cathode follow- 
er if the cathode resistor were bypassed? 

4. What is the phase relationship between input 
and output signals of a cathode follower? 

5. Why are direct coupled amplifiers usually 
limited to two stages? 

6. Can the voltage gain of a cathode follower 
ever be greater than one? Why? 

7. What is the primary advantage ofpush-pull 
deflection compared to single ended deflec- 
tion systems ? 

8. How is positioning of the CRT beam accom- 
plished ? 



9. What are the three possible inputs to the 
horizontal deflection channel? 

10. What is a requirement of a power supply 
for a direct coupled amplifier? 

11. Why are pentode tubes used in the vertical 
push-pull amplifiers? 

12. What type of circuit is generally used to 
achieve push-pull deflection? 

13. What are the current requirements of an 
output stage utilizing electrostatic de- 
flection? 

14. Why should the input impedance of the 
vertical deflection channel be high? 

15. Why couldn't a sync signal be taken from 
the cathodes of the vertical push-pull 
amplifier if both tubes had equal grid 
signals? 
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RC SHAPING CIRCUITS 



For timing circuits and for circuits which 
require a sharp "spike" of voltage, SHAPING 
circuits may be used. By the use of shaping 
circuits, waveshapes such as square waves, 
sawtooth waves, and trapezoidal waves can be 
caused to change their shape. Shaping circuits 
may be either a series RC or a series RL cir- 
cuit of a particular time constant in respect to 
the duration of the applied waveform. Notice 
that the waveshapes mentioned did not include 
the sine wave. The RC or RL shaping circuits 
CANNOT change the shape of a pure sine wave. 

The series RC and RL circuits electrically 
perform the mathematical operations of INTE- 
GRATION and DIFFERENTIATION. Therefore, 
the circuits used to perform these operations 
are called INTEGRATORS and DIFFERENTIA- 
TORS respectively. These names are given to 
these circuits even though they do not always 
completely perform the operations of mathe- 
matical integration and differentiation. 

45-1. Composition of Nonsinusoidal Waves 

Pure sine waves are basic waveshapes from 
which all other waveshapes can be constructed. 
Any waveform that is not a pure sine wave con- 
sists of two or more sine waves. By adding 
together the correct frequencies at the proper 
phase and amplitude, square waves, sawtooth 
waves and other nonsinusoidal waveforms can 
be obtained. 

A waveform other than a sine wave is called 
a COMPLEX WAVE. It will be shown that a 
complex wave consists of a fundamental fre- 
quency plus one or more harmonic frequencies. 
The shape of a nonsinusoidal waveform is de- 
pendent upon the type of harmonics present as 
part of the waveform, their relative amplitudes, 
and their relative phase relationships. In gener- 
al, the steeper the sides of a waveform, that is 
the more rapid its rise and fall, the more har- 
monics it contains. 

The sine wave which has the same frequency 
as the complex periodic wave is called the 
FUNDAMENTAL FREQUENCY. The type and 
number of harmonics included in the waveform 
is dependent upon the shape of the waveform. 
There are two classifications for harmonics - 
even and odd. The harmonics are always a whole 
number of times higher than the fundamental, 



and are designated by an integer (whole number). 
For example, the frequency twice as high as the 
fundamental is the SECOND HARMONIC, or the 
first even harmonic. 

Figure 45- 1A compares a pure square wave 
with a sine wave, A, of the same frequency - 
its fundamental frequency . If another sine wave, 
B, of smaller amplitude but three times the fre- 
quency, called the third harmonic, is added to 
A, the resultant curve, C, is produced. The 
addition of these two waveform s is accomplished 
by adding the instantaneous values of both sine 
waves algebraically. The curve, C, is called 
the resultant, and begins to assume the shape of 
the square wave. The resultant of the addition 
of A and B, curve C, is again shown in Figure 
45- IB. 

When the fifth harmonic, curve D, is added, 
the sides of the new resultant, curve E, are 
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Figure 45-1 - Harmonic composition of a 
square wave. 
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steeper than before. Addition of the seventh 
harmonic, curve F, which is of smaller am- 
plitude, makes the sides of the composite wave- 
form steeper than any previous sine wave ad- 
dition (Figure 45- 1C). The addition of more 
odd harmonics will bring the composite wave- 
form nearer the shape of the perfect square 
wave. A perfect square wave is composed of 
an infinite number of odd harmonics. 

In the square wave composition, all the odd 
harmonics cross the ze ro reference line in phase 
with the fundamental. 

Similarly, a sawtooth wave, shown in Figure 
45-2, is made up of different harmonics. How- 
ever, the sawtooth waveform contains both even 




and odd harmonics. The harmonic content of 
the sawtooth waveform is given in Figure 45-2. 
Notice that as each higher harmonic is added, 
the resultant more nearly resembles a sawtooth 
waveform . 

Figure 45-3 shows the compo sition of a peak- 
ed wave. Notice how the addition of each odd 
harmonic makes the peak of the re sultant higher 
and the sides steeper. The phase relationship 
between the harmonics of the peaked wave is 
different from the phase relationship of the har- 
monics in the square wave composition. In the 
square wave composition, all the odd harmonics 
cross the zero reference line in phase with the 
fundamental. In the peaked wave, harmonics 





Figure 45-2 - Composition of a sawtooth wave. 
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Figure 45-3 - Harmonic composition of a 
peaked wave. 



such as the 3rd. 7th, etc. , cross the zero line 
180° out of phase withthe fundamental, while the 
5th, 9th, etc. cross the zero line in phase with 
the fundamental. 

Ql. What is the primary harmonic content of a 
square wave? 

Q2. What is the peaked wave composed of? 

Q3. What is the fundamental difference between 
the phase relationship of the harmonics of the 
square wave as compared to the harmonics of a 
peaked wave? 

45-2. The RC Circuit as a Discriminator 

To understand the principles of integration 
and differentiation, it is necessary to review the 
operation of the basic high frequency and low 
frequency discriminators. These circuits may 
also be called low pass or high pass filters. 
The high and low pass filters will be compared 
to the operation of an integrator and a differ- 
entiator because their operation is the same. 

Figure 45-4 shows an RC circuit with 100 
volts at 1 kc applied. With a capacitance of 
0.0318 microfarad and a frequency of 1 kc, the 
capacitive reactance of the capacitor will be 5K. 
This means that at a frequency of 1 kc, there 
will be voltage drops across the resistor and the 
capacitor which will be equal to 70,7 volts. The 




OUTPUT 



7J_ 

phase angle between the reference {TJ and the 
applied voltage will be 45° as shown in Figure 
45-5. 




Figure 45-5 - Vector diagram. 



In terms of discriminators, the 1 kc will be the 
cut-off frequency . The cut-off frequency may be 
defined as that frequency where the phase angle 
is 45°, or that frequency where the voltage drops 
across the components are equal. 

Assume that the output for the circuit is taken 
across the capacitor. Also assume that the fre- 
quency of the voltage applied is variable. W r hen 
the frequency is increased to 5 kc, the capac- 
itive reactance will decrease to a value of: 

x -— L- 



6. 28 x 5 x 103 x 3. 18 x 10*8 
X c = I, 000 ohms 
Computing the phase angle: 

Q = arctan 2EE ^ I = 0. 2 
adj 5 

0 = 11.3° 

The vector diagram for this circuit is shown in 
Figure 45-6. 

The voltage across the output capacitor will be: 
E C = E app x sin 0 
E c = 100 x sin 11.3 
E c = 100 x 0. 196 



Figure 45-4 - 



RC discriminator circuit. 



E C = 



19. 6 volts 
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Al. It is composed of odd harmonics. 

A2. It is composed of odd harmonics. 

A3. In the square wave, all the odd harmonics 
are in phase with the fundamental. This is 
not true of the odd harmonics in the peaked 
wave. 



98.0 * 




Figure 45-6 - Vector diagram. 

The voltage across the resistor will be: 

E R = E app x cos 9 

Er = 100 x cos 1 1. 30 

Er = 100 x 0. 980 

Er = 98. 0 volts 

Since the phase angle dropped below 45° to 11.3°, 
the voltage across the capacitor is 19.6 volts; 
and the voltage across the resistor is 98.0 volts. 
Therefore, taking the output across the capacitor, 
the circuit is discriminating against the high 
frequencies. The term "discriminate" is used 
because the voltage across the output capacitor 
is an inverse function of frequency. It may also 
be said that the high frequencies are attenuated 
by the circuit. 

If the frequency applied to the circuit de- 
creases to 500 cps, the reactance offered by the 
capacitor would now be: 

C 2*f C 



6. 28 x 5 x 102 x 3. 18 x 10' 
X c = 10, 000 ohms 

The phase angle will now be: 
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9 = arctan 2. 0 

9 63.5° 

Computing voltages: 

E C = E app x si n 9 
Ec = 100 x sin 63. 5 
Ec = 100 x 0. 895 
Ec = 89. 5 volts 

E R = E app x cos 9 
Er = 100 x cos 63. 5° 

E R = 100 x 0. 446 

Er = 44. 6 volts 

Under these conditions, the capacitor voltage 
is higher than the resistor voltage. If the output 
is taken from the capacitor . the circuitwill pass 
the low frequencies, and discriminate against 
the high frequencies. 

If the output were taken from across the re- 
sistor, the circuit would be a high pass circuit, 
or a low frequency discriminator. 

Q4. What determines whethe r a circuit isa high 
or low frequency discriminator? 

45-3. Nonsinusoidal Voltages Applied to a RC 
Circuit 

The harmonic content of a square wave must 
be complete to produce a square wave. If the 
harmonics of the square wave are not of the 
proper phase and amplitude relationship as de- 
scribed in Section 45-1, the square wave will not 
be pure. The term pure as applied to square 
waves means that the waveform must be per- 
fectly square to be a pure square wave. 

Figure 45-7 shows a pure square wave ap- 
plied to a series resistive circuit. If the values 
of the resistors are equal, the voltage drop 



R)»R 2 




9 



= arctan — 
5 



Figure 45-7 - Square wave applied to a 
resistive circuit. 
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across each resistor will be equal. From the 
one pure square wave input, two pure square 
waves of equal amplitude will be produced. The 
resistance of the resistors does not affect the 
phase or amplitude relationship of the harmonics 
contained in the square waves. This is true be- 
cause the same opposition is offered by the re- 
sistors to all of the harmonics. However, if 
the same square wave is applied to a series RC 
circuit as shown in Figure 45-8, the action is 
not the same. Since the harmonic content of 
the square wave is odd multiples of the funda- 
mental frequency, there will be significant 
harmonics as high as 50 or 60 times the fre- 
quency of the fundamental. The capacitor will 
offer a reactance of different magnitude to each 
of the harmonics. This means that the voltage 
drop across the capacitor for each harmonic 
frequency present will not be the same. To 
low frequencies, the capacitor will offer a large 
opposition providing a large voltage drop across 
the capacitor. To high frequencies, the re- 
actance of the capacitor will be extremely small 
causing a small voltage drop across the capaci- 
tor. If the voltage component of the harmonic 
is not developed across the reactance of the 
capacitor, it will be developed across the re- 
sistor. Kirchhoff's voltage law must be ob- 
served. Since the harmonic amplitude and 
phase relationship across the capacitor is not 
the same as that of the original frequency in- 
put, it can hardly be expected that a perfect 
square wave will be produced across the capaci- 
tor. It must be remembered that the reactance 
offered to each harmonic frequency will not only 
cause a change in the amplitude of the harmonics , 
but will also cause a change in the phase of each 
individual harmonic frequency with respect to 
the current reference. The amount of phase and 
amplitude change taking place across the capaci- 
tor is dependent upon the capacitive reactance 
of the capacitor, which is a function of the ca- 
pacitance. The value of the resistance offered 
by the resistor must also be considered here 
because it controls the ratio of the voltage drops 
across itself and the capacitor. If the voltage 
across the resistor and the capacitor are equal 




at some frequency, the phase angle will be equal 
to 45°. If the output is taken from across the 
capacitor, the circuit is a high frequency dis- 
criminator, or a low pass filter. If the output 
is taken from across the resistor, the circuit 
is a low frequency discriminator, orahigh pass 
filter. 

The circuit in Figure 45-9 will help show this 
more clearly. The square wave applied to the 
circuit is 100 volts peak at a frequency of 1 kc. 
The odd harmonics will be 3 kc, 5 kc, 7 kc, 
etc. Table 45- 1 shows the value of the reactance 
offered to several of the harmonics and indicates 
the approximate value of the cut-off frequency. 
It can be seen from the table that the cut-off 
frequency lies between the fifth and the seventh 
harmonics. Between these two values, the ca- 
pacitive reactance will equal the resistance. 
Therefore, all of the harmonic frequencies above 
the fifth will not be effectively dropped across 
the output capacitor. The absence of the higher 
order harmonics will cause the leading edge of 
the waveform developed across the capacitor to 
be rounded. An example of this effect is shown 
in Figure 45-10. If the value of the capacitance 
is increased, the reactances to each harmonic 
frequency will be decreased. This means that 
fewer harmonics will be developed across the 
capacitor . 
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Table 45-1. Resistance and Reactance Values 
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Figure 45-8 - Square wave applied to a RC 
circuit. 



Figure 45-9 - Partial integration circuit. 
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A4. The characteristics ofa discriminator are 
determined by where the output is taken. 




Figure 45-10 - Partial integration. 

To satisfy Kirchhoff's voltage law, the har- 
monics not effectively developed across the ca- 
pacitor must be developed across the resistor. 
If the waveform across both the resistor and 
the capacitor were added g raphically, the result- 
ant would be an exact duplication of the input 
square wave. Note the pattern of the voltage 
waveform across the resistor. 

When the capacitance is increased sufficient- 
ly, full integ ration of the input signal takes place 
across the capacitor. An example of complete 
integration is shown in Figure 45-11 (waveform 
cc). This effect was caused by decreasing the 
value of capacitive reactance. The same effect 
would take place by increasing the value of the 
resistance. Therefore, integration takes place 
in an RC circuit with the output taken across the 
capacitor. 

Since the amount of integration is dependent 
upon the values of R and C, it may be said that 
the amount of integration is dependent upon the 
time constant of the circuit. To assure inte- 
gration, the time constant of the circuit should 
be at least TEN TIMES GREATER than the time 
duration of the input pulse. In fact, the time 
constant should be greater than ten times the du- 
ration of the input pulse. The value of ten is 
only an approximation. When the time constant 
of the circuit is ten or more times the value of 
the duration of the input pulse, the circuit is 
said to possess a long time constant. When the 
time constant is long, the capacitor does not 
have the ability to charge instantly to the value 




Figure 45-11 - Integration. 



of the applied voltage. Therefore, the result 
is the long sloping integrated waveform. 

Q5. What are the requirement s for integ ration ? 

Q6. Can a pure sine wave be integrated? Why? 

45-4. RL Circuit as an Integrator 

The RL circuit may also be used as an inte- 
grating circuit. To obtain an integrated wave- 
form from the se ries RL circuit, the output must 
be taken across the resistor. The character- 
istics of the inductor are such that at the first 
instant of time in which voltage is applied, the 
current flow through the inductor is minimum; 
and the voltage drop across it is maximum. 
Therefore, the value of the voltage drop across 
the series resistor at the same instant (first 
instant) of time must be zero volts because there 
is no current flow through it. However, as time 
passes, current begins to flow through the cir- 
cuit; and voltage is developed across the resis- 
tor. Since the circuit also is a long time con- 
stant circuit, the voltage across the resistor 
will NOT respond to the rapid changes in volt- 
age required by an input such as the square 
wave. Therefore, the conditions for integra- 
tion with an RL circuit are a long time con- 
stant with the output taken across the resis- 
tor. 

Q7. What characteristic of an R L circuit allows 
it to act as an integrator? 

45-5. Integrator Waveform Analysis 

If either an RC or RL circuit has a time con- 
stant ten times greater than the duration of the 
input pulse, the circuits are capable of inte- 
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gration. What now will be done will be to com- 
pute and graph the actual waveform that would 
result from a long time constant (10 times the 
pulse duration), a short time constant (one -tenth 
of the pulse duration), and a medium time con- 
stant (that time constant between the long and the 
short). To accurately plot values for the ca- 
pacitor output voltage, the universal time con- 
stant chart shown in Figure 45- IZ is used. 

It is known that the capacitor charge follows 
the shape of the curve in Figure 45-12. This 
curve may be used to determine the amount of 
voltage across either component in the series 
RC circuit. As long as the time constant or a 
fractional part thereof is known, the voltage 
across either component may be determined. 
In Figure 45-13, a pulse of 100 microseconds 
duration at an amplitude of 100 volts will be 
applied to the circuit composed of the 0.01 uf 
capacitor and the variable resistor. R. The 
square wave applied is a symmetrical square 
wave. The resistance of the variable resistor 
will be set at a value of 1,000 ohms. The time 
constant of the circuit is given by: 

T = RC 

Substituting values: 

T = 1 x 10 3 x 1 x 10" 8 
T = 10 microseconds 



99% 




NUMBER OF TIME CONSTANTS 2 pQ . 




Figure 45-13 - RC integrator circuit. 

Since the time constant of the circuit is 10 micro- 
seconds, and the pulse duratiofn is 100 micro- 
seconds, the time constant is short(l/10 of the 
pulse duration). The capacitor will charge ex- 
ponentially through the resistor. In five time 
constants the capacitor will be, forall practical 
purposes, completely charged. At the first time 
constant, the capacitor will be charged to 63. 2 
volts, at the second 86. 5 volts, at the third 95 
volts, at the fourth 98 volts; and finally at the 
end of the fifth time constant (50 microseconds) 
the capacitor is fully charged. This is shown in 
the graph in Figure 45-14. 

Notice that the leading edge of the square wave 
taken across the capacitor is rounded. If the 
time constant were made extremely short, the 
rounded edge would become square. 

To change the time constant, the variable 
resistor in Figure 45- 13 will be increased to a 
value of 10,000 ohms. The time constant will 
now be equal to 100 microseconds. 

This time constant is known as a medium 
time constant. Its value lies between the ex- 
treme ranges of the short time constant and the 
long time constant, and, in this case, happens 
to be exactly equal to the duration of the input 
pulse - 100 microseconds. A graph of the out- 
put waveform is shown in Figure 45-15. The 
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Figure 45- 12 - Universal time constant chart 



Figure 45-14 - Square wave applied to a short 
time constant (integrator). 
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A5. The time constant must be long, and the 
output for the circuit must be taken across 
the capacitor. 

A6. A pure sine wave cannot be integrated be- 
cause it does not contain harmonics. 

A7. The ability of the inductor to oppose a 
change in current. 
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Figure 45-15 - Medium time constant (inte- 
grator). 

long sloping rise and fall of voltage is because 
of the capacitors inability to charge and dis- 
charge rapidly through the 10,000 ohm series 
resistance. 

At the first instant of time, one hundred volts 
is applied to the medium time constant circuit. 
One time constant is exactly equal, in this cir- 
cuit, to the duration of the input pulse. After 
one time constant, the capacitor will charge to 
63.2% of the input voltage (100 volts). There- 
fore, at the end of one time constant ( 100 micro- 
seconds) the voltage across the capacitor is 
equal to 63.2 volts. However, as soon as 100 
microseconds has elapsed, and the initial charge 
on the capacitor has risen to 63. 2 volts; the in- 
put voltage suddenly drops to zero, where it 
remains for 100 microseconds. The capacitor 
will now discharge for 100 microseconds. Since 
the discharge time is 100 microseconds (one 
time constant), the capacitor will discharge 
63. 2% of its total 63.2 volt charge - to a value 
of 23.3 volts. During the next 100 m ic roseconds , 
the input voltage will increase from zero to a 
100 volts very rapidly. The capacitor will now 
charge for 100 microseconds (one time constant). 
The voltage available for this charge is the dif- 
ference between the voltage applied and the 
charge on the capacitor (100 - 23.3), or 76.7 



volts. Since the capacitor will only be able to 
charge for one time constant, it will charge to 
63. 2% of the 76.7 volts, or 48.4 volts. The total 
charge on the capacitor at the end of 300 micro- 
seconds will be 23. 3 + 48. 4, or 71. 7 volts. 

Notice that the capacitor voltage at the end of 
300 microseconds is greater than the capacitor 
voltage at the end of 100 microseconds. The 
voltage at the end of 100 microseconds is 63. 2 
volts, and the capacitor voltage at the end of 
300 microseconds is 71.7 volts - an increase 
of 8. 5 volts. 

The output waveform in this graph (Fig. 45- 
15) is the waveform realized after many cycles 
of input signal to the integrator. The capacitor 
charges and discharges in a step- by- step man- 
ner until, finally, the capacitor will charge and 
discharge above and below a fifty volt level as 
shown in Figure 45-15. The fifty volt level is 
governed by the maximum amplitude of the sym- 
metrical input pulse, the average value of which 
is fifty volt 8. 

If the resistance in the circuit of Figure 
45-13 is increased to 100,000 ohms, the time 
constant of the circuit will be 1,000 micro- 
seconds. This time constant is ten times the 
pulse duration of the input pulse. It is, there- 
fore, a long time constant circuit. 

The shape of the output waveform across the 
capacitor is shown in Figure 45-16. The shape 
of the output waveform is characterised by a 
long sloping rise and fall of capacitor voltage. 

At the first instant of time, one hundred volts 
is applied to the long time constant circuit. One 
time constant is equal to ten times the duration 
of the input pulse. 

To determine the value of charge on the ca- 
pacitor at the end of the first 100 microseconds 
of the input signal, the universal time constant 
chart must be consulted. On the time constant 
chart, the percentage of voltage corresponding 
to 1/10 (100 microseconds/ 1000 microsec- 
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Figure 45-16 - Square wave applied to a long 
time constant circuit. 
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onds) of a time constant is found. If a line is 
projected up from the point on the base line 
corresponding to 1/10 of a time constant, to 
where it intersects the time constant chart, the 
percentage of voltage across the capacitor at 
the end of the first 100 microseconds can be 
found. Since the applied voltage is 100 volts, 
the charge on the capacitor at the end of the first 
100 microseconds will be 9.5 volts. At the end 
of the first 100 microseconds, the input signal 
will fall suddenly to zero; and the capacitor will 
discharge. It will be able to discharge for 100 
microseconds. Therefore, the capacitor will 
discharge 9.5% of its accumulated 9.5 volts, or 
(9.5% x 9.5) . 0.9045 volts. The loss of the 0.9045 
volts will result in a remaining charge on the 
capacitor of 8.596 volts. At the end of 200 mi- 
croseconds, the input signal will again suddenly 
rise to a value of 100 volts. The capacitor will 
be able to charge to 9.5%of the difference (100 - 
8.596 = 9 1.404 volts) , or to a value of 8. 683 volts 
plus the initial 8.596 volts will result in a total 
charge on the capacitor at the end of the first 
300 microseconds of 8.683 + 8.596 = 17.279 
volts. 

Notice that the capacitor voltage at the end 
of the first 300 microseconds is greaterthan the 
capacitor voltage at the end of the first 100 mi- 
croseconds. The voltage at the end of the first 
100 microseconds is 9.5 volts, and the capacitor 
voltage at the end of the first 300 microseconds 
is 17.279 volts _ an increase of 7.779 volts. 

The capacitor charges and discharges in a 
step-by- step manner until, finally, the capacitor 
will charge and discharge above and below a 
fifty volt level. The fifty volt level is governed 
by the maximum amplitude of the symmetrical 
input pulse, the average value of which is fifty 
volts . 

Q8. What is the numerical difference between 
a long and a short time constant circuit? 

Q9. What would happen to the integrator output 
if the capacitor were made extremely large (all 
other factors remaining the same)? 

45-6. Differentiation 

Differentiation is the direct opposite of in- 
tegration. In the RC integrator, the output is 
taken from the capacitor. In the differentiator, 
the output is taken across the resistor. This, 
of course, means that when the RL circuit is 
used as a differentiator , the diffe rentiated output 
is taken across the inductor. 

An application of Kirchhoff's law shows the 
relationship between the waveforms across the 
re sistor and capacitor in a serie s network. Since 
the sum of the voltage drops in a closed loop must 
equal the applied voltage, the graphical sum of 



the voltage waveforms in a closed loop must 
equal the applied waveform . Figure 45-17 shows 
the output taken across the variable resistor. 

With the variable resistor set at 1,000 ohms, 
and the capacitor value of 0.01 microfarad, the 
time constant of the circuit will be 10 micro- 
seconds. Since the input waveform has a dura- 
tion of 100 microseconds, the circuit is a short 
time constant circuit. 

In the short time constant circuit at the first 
instant of time, the voltage across the capacitor 
is zero; and the current flow through the resistor 
will cause a maximum voltage to be developed 
across it. This is shown at the first instant of 
time in the graph of Figure 45- 18. 

As the capacitor begins assuming a charge, 
the voltage drop across the resistor will begin 
todecrease. At the end of the first time constant, 
the voltage drop across the resistor will have 
decreased by a value equal to 63.2% of the ap- 
plied voltage. Since there is 100 volts applied, 
the voltage across the resistor after one time 




Figure 45-17 - RC circuit as a differentiator. 



TC=IOusec 



lOOv 




— lOOus — 



Ous 50usl00us 



lOOv 



Ov 



-<00v 



200us 



300us 



'400us 



Figure 45-18 - Square wave applied to a short 
time constant circuit. 
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A8. Numerically, the time constant value of a 
long time constant circuit is ten times the 
value of the pulse duration. The shorttime 
constant circuit has a time constant equal 
to, or less than, one-tenth the duration of 
the input pulse. 

A9- A more complete integration of the input 
waveform would re suit due to the increased 
time constant of the circuit. 



constant will be equal to 36. 8 volts. After the 
second time constant, the voltage across the 
resistor will be down to 13.5 volts. At the end 
of the third time constant, will be 5 volts, 

and at the end of the fourth time constant, Z 
volts. At the end of the fifth time constant, the 
voltage across the resistor will be very close to 
zero volts. Since the time constant is equal to 
10 microseconds, it will take a total of 50 mi- 
croseconds to completely charge the capacitor. 

As shown in Figure 45-18, the slope of the 
charge curve will be very sharp. The voltage 
across the resistor will remain at zero volts 
until the end of 100 microseconds. At that time, 
the applied voltage suddenly drops to zero, and 
the capacitor will now discharge through the 
resistor. At this time, the discharge current 
will be maximum causing a la rge discharge volt - 
age drop across the resistor. This is shown as 
the negative spike in Figure 45-18. Since the 
current flow from the capacitor, which now acts 
like a source, is decreasing exponentially, the 
voltage across the resistor will also decrease. 
The resistor voltage will decrease exponentially 
to zero volts in five time constants. All of this 
discharge action will take a total 50 microsec- 
onds. The discharge curve is also shown in 
Figure 45-18. After the end of 200 microsec- 
onds, the action begins again. The output wave- 
form taken across the resistor in this short time 
constant circuit is an example of differentiation. 
With the square wave applied, the output is 
positive and negative spikes. These spikes ap- 
proximate the rate of change of the input square 
wave . 

The output across the resistor in an RC cir- 
cuit of medium time constant is shown in Figure 
45-19. The value of the variable resistor has 
been increased to a value of 10. 000 ohms. This 
means that the time constant of the circuit is 
equal to the duration of the input pulse — 100 
microseconds. For clarity, the voltage wave- 
forms developed across both the resistor and the 
capacitor are shown. At all times, the sum of 
the voltages across the resistor and capacitor 
must be equal to the applied voltage of 100 volts. 

At the first instant of time, a pulse of 100 



TC=IOOusec 



0 





--IOOv--- 






— KXHjs — 









7l7v 




26.6v 



0 



L IOOv 


36.8v 


^767v 


1 28.3v 






-23.3v 


-266y] 








^71.7v 



Figure 45-19 - Voltage outputs in a medium 
time constant circuit, 
volts in amplitude at a duration of 100 micro- 
seconds is applied. Since the capacitor cannot 
respond quickly to the change in voltage, all of 
the applied voltage is felt across the resistor. 
Figure 45-19 shows the voltage across the re- 
sistor, Ej^, to be 100 volts; and the voltage 
across the capacitor, Eq. to be zero volts at 
this time. As time progresses, the capacitor 
will charge. As the capacitor voltage increases, 
the resistor voltage will decrease. Since the 
time that the capacitor is permitted to charge 
is 100 microseconds (equal to one time constant 
in this circuit), the capacitor will charge to 63 Z% 
of the applied voltage at the end of one time 
constant, or 63. Z volts. Because Kirchhoff's 
law must be adhered to at all times, the voltage 
across the resistor must be equal to the differ- 
ence between the applied voltage and the charge 
on the capacitor (100 - 63. Z), or 36.8 volts. 

At the end of the first 100 microseconds, the 
input voltage suddenly drops to zero volts, a 
change of 100 volts. Since the capacitor is not 
able to respond to so rapid a voltage change, the 
100 volt change must occur across the resistor. 
The voltage across the resi stor must , therefore, 
reverse polarity and attain a magnitude of - 
63. Z volts. The capacitor now acts as a source 
and the sum of the voltage across the two com- 
ponents is now zero. 

During the next 100 microseconds, the ca- 
pacitor discharges. To maintain the total volt- 
age at zero, the voltage across the resistor must 
decrease at exactly the same rate. This ex- 
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ponential decrease in resistor voltage is shown 
in Figure 45-19 during the second 100 micro- 
seconds. Since the capacitor will discharge 
63.2% of its charge, to a value of 23.3 volts, 
at the end of the second 100 microseconds, the 
resistor voltage must rise, in the positive di- 
rection, to a value of -23. 3 volts in order to 
maintain the total voltage at zero volts. 

At the end of 200 microseconds, the input 
voltage again rises suddenly to 100 volts. Since 
the capacitor cannot respond to the 100 volt in- 
crease instantaneously , the 100 volt change takes 
place across the resistor. The voltage across 
the resistor suddenly rises from -23. 3 volts to 
+76. 7 volts. The capacitor will now begin to 
charge for 100 microseconds thus decreasing 
the voltage across the resistor. This charge 
and discharge action will continue for many 
cycles. Finally, the voltage across the ca- 
pacitor will rise and fall, by equal amounts, 
about a fifty volt level. The resistor voltage 
will also rise and fall, by equal amounts, about 
a zero volt level. 

If the time constant for the circuit in Figure 
45-17 is increased to make it a long time con- 
stant circuit, the differentiator output will appear 
more like the input. The time constant for the 
circuit can be changed by either increasing the 
value of capacitance or resistance. In this cir- 
cuit the time constant will be increased by in- 
creasing the value of resistance from 10K to 
100K. This will result in a time constant of 
1000 microseconds. This time constant is ten 
times the duration of the input pulse. The out- 
put of this long time constant circuit is shown 
in Figure 45-20. 

At the first instant of time, a pulse of 100 
volts amplitude at a duration of 100 microseconds 
is applied. Since the capacitor cannot respond 
instantaneously to a change in voltage, all of the 
applied voltage is felt across the resistor. As 
time progresses, the capacitor will charge and 
the voltage across the resistor will be reduced. 
Since the time that the capacitor is permitted to 
charge is 100 microseconds, the capacitor will 
charge for only 1/10 of one time constant, or to 
9.5% of the applied voltage (as found using the 
universal time constant chart). Because Kirch- 
hoff's law must be observed, the voltage across 
the resistor must be equal to the difference be- 
tween the applied voltage and the charge on the 
capacitor (100 - 9.5 . or 90.5 volts. 

At the end of the first 100 microseconds of 
input, the applied voltage suddenly drops to zero 
volts, a change of 100 volts. Since the ca- 
pacitor is not able to respond to so rapid a volt- 
age change, the 100 volt change must occur 
across the resistor. The voltage across the re- 
sistor must, therefore, reverse polarity and 
attain a magnitude of -9.5 volts. The sum of the 
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Figure 45-20 - Long time constant circuit with 
square wave applied. 

voltage across the two components is now zero. 

During the next 100 microseconds, the ca- 
pacitor discharges. To maintain the total volt- 
age at zero, the voltage across the resistormust 
decrease at exactly the same rate as the ca- 
pacitor discharge. This exponential decrease 
in resistor voltage is shown in Figure 45-20 
during the second 100 microseconds of operation. 
Since the capacitor will now discharge 9.5% of 
its charge, to a value of 8.6 volts, at the end 
of the second 1U0 microseconds, the resistor 
voltage must rise, in a positive direction, to a 
value of -8. 6 volts in order to maintain the 
total voltage at zero volts. 

At the end of 200 microseconds, the input 
voltage again suddenly rises to 100 volts. Since 
the capacitor cannot respond to the 100 volt 
change instantaneously, the 100 volt change 
takes place across the resistor. This step-by- 
step action will continue until stabilization. 
After many cycles have passed, the capacitor 
voltage varies above and below, by equal amounts, 
the fifty volt level. The resistor voltage varies 
above and below, by equal amounts, a zero volt 
level. 

The RC networks which have been discussed 
in this chapter may also be used as coupling 
networks. When an RC circuit is used as a cou- 
pling circuit, the output is taken from across 
the resistor. Normally, a long time constant 
circuit is used. This, of course, will cause an 
integrated waveshape across the capacitor if 
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Figure 45-21 - Phase shifter. 

the applied signal is non sinusoidal. However, 
in a coupling circuit, the signal across the re- 
sistor should closely resemble the input signal, 
and it will if the time constant is sufficiently 
long. If the diagram in Figure 45-20 is refer- 
red to, it can be seen that the voltage across the 
resistor closely resembles the input signal. 

If a pure sine wave is applied to a long time 
constant RC circuit (R is much greater than Xc), 
a large percentage of the applied voltage will be 
dropped across the resistor, and a small amount 
of voltage will be dropped across the capacitor. 




Figure 45-22 - Vector diagram. 



input and the resistor voltage has decreased to 
26.6°. 

The phase angle and resistor voltage may be 
calculated for any value of resistance using the 
following formula: 



Q10. What is the difference between an RC and 
an RL differentiator? 



9 = arctan X c /R 
E R r E in x cos 6 



45-7. Phase Shifter 

In ordinary coupling circuits, a phase shift 
is usually undesirable. In some circuits, such 
as oscillators, a phase shift of a definite angle 
is required. A phase shift may be obtained by 
use ofeitherthe series RC or the series RL cir- 
cuit. When a circuit is used to change the phase 
relationship between the input and output voltage , 
the circuit is known as a PHASE SHIFTER. An 
example of an RC circuit used as a phase shifter 
is shown in Figure 45-2 I. 

In the diagram of Figure 45-2 1, a pure sine 
wave of 100 volts inamplitude, at a frequency of 
1,000 cps is applied to a series RC circuit. The 
value of capacitive reactance is calculated and 
found to be 15, 900 ohms. 

If the variable resistor is setto a value equal 
to X c , the phase shift between the input voltage 
and the resistor voltage will be 45° as shown in 
Figure 45-22. Notice that the resistor voltage- 
is 70. 7 volts and leads the input voltage by 45°. 

If the variable resistor is set to a value of 
2 X c (3 1,800 ohms), the phase angle will de- 
crease to a value of 26.6° as shown in Figure 
45-23. The resistor voltage has increased to 
89.4 volts, but the phase difference between the 



The phase angle, 0, will change if the re- 
sistance, capacitance, or frequency changes. 
A decrease in resistance, capacitance, or fre- 
quency will increase the phase shift if the out- 
put is taken from the resistor. 

A phase shift of this type is not accomplished 
without some loss. The greater the phase shift, 
the smaller the output will become. 









*>26.6« 




E in =IOOv 


\°« 




\ * 
\ * 

V 





Figure 45-23 - Vector diagram. 
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EXERCISE 45 



1. Describe the primary harmonic content of 
a pure sine wave, peaked wave, square 
wave and sawtooth wave. 

2. Describe what happens to a square wave if 
its third harmonic and fifth harmonics are 
removed . 13. 

3. What is the difference between the phase 
relationships of the harmonics in a square 

wave and a peaked wave? 14. 

4. Which one of the waveforms described in 

this chapter contains both even and odd har- 15. 
monic s ? 

5. Describe the operation of the RC discrim- 16. 
inator . 

6. Describe the operation of an RL circuit used 

as a high frequency discriminator. 17. 

7. De scribe the operation of an RC circuit used 

as a high pass filter. 18. 

8. What is meant by the term "cut-off f re - 19. 
quency ? 

9. What is a nonsinusoidal waveform? 

10. What characteristics of an inductor per- 
mits its use as an integrator? 

11. What is the condition for complete integra- 
tion? 20. 

12. A pulse of 200 microseconds is applied to 



an RC circuit the capacitance value of 
which is 0. 1 uf, and the resistance value 
is 2k ohms. The output is taken across 
the capacitor. Describe the type of wave- 
form and draw its output waveform. 
Replace the capacitor in problem 12 with a 
20 mh choke, take the output across it and 
draw the output waveform. 
Compare the circuits whichmay be used for 
differentiation and integration. 
What is the difference between integration 
and differentiation^ 

Describe the action of the RL differentiator . 
draw the outputs across each component. 
Use the values L= 12 mh, and R- 20ohms. 
Describe the conditions necessary for inte- 
gration and differentiation. 
What is a phase shifter? 

If a series RC circuit C = 0.002 uf, R - 
30,000 ohms, f = 1.5 kc, is used as a phase 
shifter, find the value of the phase difference 
between the applied voltage and the output 
voltage. Assume that the output is taken 
across the resistor. 

What is the difference between a symmet- 
rical and non-symmetrical square wave? 
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A10. In the RC circuit, the output is taken 
across the resistor. In the RL circuit, 
the output is taken across the inductor. 



CHAPTER 46 
RC OSCILLATOR CIRCUITS 



In previous chapters, a number of different 
types of oscillators have been discussed. Some 
of these oscillators generate sine waves, while 
others produce non- sinusoidal waves such as 
square waves and sawtooth waves. Each of the 
sine wave oscillators discussed previously 
utilizes regenerative feedback and a tank circuit 
containing inductance and capacitance to gener- 
ate the sine wave. In this chapter, two additional 
sine wave oscillators of the regenerative feed- 
back type will be discussed. These oscillators 
are unique, in that no tank circuit is required 
to generate the sine wave. 

WIEN BRIDGE OSCILLATOR 

46-1. General Characteristics 

The Wien-bridge oscillator consists of a two 
stage, RC coupled amplifier, in which regener- 
ative feedback is coupled from the plate of the 
second stage to the grid of the first stage, as 
shown in Figure 46-1. To insure that positive 
feedback of the proper amplitude occurs at one 
frequency only, a frequency selective RC filter 
circuit is placed in series with the feedback 
path. Since this filter circuit determines the 
frequency of the feedback, the oscillator can be 
adjusted to the desired operating frequency by 
selecting the proper values of resistance and 
capacitance for the filter circuit. 





RC FILTER 
FEEDBACK 


















|ST 
AMP 




2nd 
AMP 











Figure 46-1 - Wien-bridge block diagram. 

Due to its method of operation, the Wien- 
bridge oscillator is capable of generating an 
exceptionally pure sine wave of very low har- 
monic content. For this reason, it is often 
used in test equipment as an audio frequency 
signal generator. In addition to purity of wave- 
form, the Wien-bridge oscillator is also noted 



for its frequency and amplitude stability. 

Because an RC coupled amplifier forms part 
of the oscillator circuit, the maximum frequency 
of operation is limited by the high frequency 
response of the coupling network. Normally the 
oscillator is used for audio frequencies and low 
RF frequencies up to several hundred kilocycles. 

Ql. What major difference exists between the 
feedback circuit of a Wien-bridge oscillator 
and the feedback network of a conventional LC 
oscillator ? 

46-2. Circuit Operation 

The circuit illustrated in Figure 46-2 is a 
free -running multivibrator whose output is a 
square wave. The circuit oscillates because of 
the regenerative feedback coupled to the grid of 
V i by capacitor and to the grid of V 2 by 
capacitor Cl. The frequency of the square 
wave output is determined mainly by the time 
constants of the coupling capacitors and their 
associated resistors. 




Figure 46-2 - Free -running multivibrator. 



In Chapter 45 it was explained that a square 
wave is composed of a fundamental frequency 
and a large number of odd harmonics. Notice, 
that, due to the use of two consecutive amplifier 
stages, the square wave frequencies at the 
plate of are in phase with the signal at the 
gridofVj. When the circuit i s ope rated a s a mul- 
tivibrator, almost all of these frequencies present 
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Al. The feedback circuit in an LC oscillator is 
a resonant circuit, while the feedback cir- 
cuit in a Wien Bridge oscillator is a non- 
resonant frequency selective bridge. 

at the plate of Vz are coupled to the grid of V\ 
by capacitor Cz* 

By placing an RC filter network in series with 
C£» all but one of these frequencies can be 
attenuated and the circuit becomes a sine wave 
oscillator. The schematic diagram of a basic 
Wien-bridge oscillator is shown in Figure 46-3. 




Figure 46-3 - Basic Wien-bridge oscillator. 

The filter circuit which controls the output 
frequency consists of resistors R\ and R^, and 
capacitors Cj and Cz» Mathematically f Qp equals: 

1 



op 



2 Try* K. 1 C ] R 2 C 2 



Normally Rj = R 2 and C) : C 2 . In this case the 
above equation reduces to: 



1 



10P = TFRC 



(46-1) 



where:f 0 p= the operating frequency in cps 
R * the value of one of the equal 

resistors in ohms 
C * the value of one of the equal 
capacitors in farads 

If the resistors and capacitors in the filter 
network have values of 1000 ohms and 0. 1 59 uf 
respectively, the operating frequency is com- 
puted as follows : 

1 



op 



2tt RC 



(46.1) 



f "P = (6. 28)(lxl0V. ^9x10-7, : 1000 CPS 



Thus, the output waveform would be a 1000 
cycles per second sine wave. 



Q2. What would happen to the output frequency 
of a Wien-bridge oscillator if the value of the 
frequency determining capacitors were de- 
creased? 



46-3. Feedback Circuit Analysis 

The frequency of feedback voltage must also 
be 1 kc, and of a phase relationship equal to that 
of the output frequency. The amplitude and phase 
relationship of the grid input signal (the voltage 
across the parallel network composed of R 2 and 
Cz) may be computed by use of vector analysis. 
Figure 46-4 shows the filter network and the 
vector analysis. Assuming that the frequency 
fed back to the network will be 1 kc. It will be 
shown that at this frequency, the voltage felt at 
the grid of V \ will be in phase with the feed- 
back voltage. 




POINT/ A" 



^FEEDBACK =2.l& 0 v 



f = IOOOkc 




SERIES 




PARALELL 
VECTOR ANALYSIS 



Figure 46-4 - Filter network. 

The impedance between point A and ground 
will be: 

z t - Rl -jx cl+ R * ( -j Xc2) 

R 2 i (-jX C 2) 

The reactance of the capacitance at this frequency 
will be: 



*C 



2tt f C 



Substituting values: 



6. 28 x 1 x 10 3 x 1. 59 x 10- 7 



X c = 1000 ohms 
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8S 



The refore : 



(1000/ 0°)(1000/ -90°) 
Z t z 1000 - j 1000^_ * n ' 

1000 - j 1000 

o 1x10^/ -90° 

Z t - 1414 / -45% ! 

1414 / -45° 

Z t r 1414 / -45° +707 / -45° 



Xc = 6. 28(5 x 10 z )(l. 59 x 10" 7 ) 



X c z 2000 / -90° ohms 



The total impedance of the network at this 
frequency will be: 



Z t : 2121 / -45° 



If the feedback voltage is assumed to be 2. 1 /0 
volis, the current at point A of this circuit 
will be: 



Z t . 100Q..)2000 ^ 10QQ Z£!» ZQQQ Z^g!) 

1000 - j2000 

2 x 10 6 /-90° 

Z«. - 1000-12000+ ~ — 

1 " J 2240 / -63. 5° 



lt z Z t = 2121 / -45° 



Z t r 1000-j 2000 + 893 / -26. 5 C 



Z t r 1000 - j 2000 r 800 - j 398 



It - 1 /45 milliampere 



Z t - 1800 - j 2398 



The voltage input to the grid of V \ is the voltage 
across the parallel impedance of R 2 and C 2 . 



Z t - 3000 / -53° 



Ein = I Z R 2 C 2 



X (*2>H X C2) 
R 2 " J X C2 



E in = °- 001 / 



( 1 000/ 0°)(1 000 / -90° ) 
1000 - j 1000 



Assuming an output voltage of 2. 1 /0° volts, the 
current at point A with respect to ground is: 



U = Z t = 3 x 10 3 / -530" 



E in = (0.001 / 45 Q )(707 / -45° ) 



I t - 0. 7 x 10" 3 / 53° amperes 



E in = 0. 707/ 0° volts 

Since the output voltage is 2. 1 / 0° , and the grid 
input voltage is 0. 707 / 0° , they are in phase and 
oscillation at that frequency will occur. The 
difference between the output amplitude and the 
input amplitude is due to the attenuation of the 
filter network. 

To show that only the 1 kc signal will be 
returned to the grid in phase with the output 
signal, two other frequencies will be fed back 
and their phase relationship to the output phase 
relationship will be compared. One of the test 
frequencies , 500 cps , will be below the operating 
frequency, and the other test frequency, 2 kc , 
will be above the operating frequency. 

At 500 cps, the capacitive reactance will be: 



The input voltage taken across the parallel im- 
pedance of R^ and C 2 is ; 

E in - l t Z R2C 2 

E in = (0 - 7 x 10~ 3 / S3°) (893 / -26. 5° ) 

E in = °- 625 / 26. 5° volt 

Therefore, E in is reduced to below the value of 
0. 707 volt and leads E^ ut at 500 cps by 26. 5°. 
This phase relationship will not allow the circuit 
to oscillate. 

The capacitive reactance at the test frequency 
of 2000 cps is: 
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A2. The output frequency would increase. 



C " 6. 28(2 x 10 3 )(0. 159 x 1CT 6 ) 



X c = 500 / -90° ohms 

The total impedance of the network from point 
A to ground is : 

z = 10QQ.J5004 aooo/ol^ooZj^) 

1000 - j500 



Z r 1000-j 500 + 



5 x 10 5 / 90 c 



Z 

z 



1120 / -26. 5° 

1000-j 500+ 446 / -63. 5° 
1000-j 500+ 198-j 395 



Z = 1198 - j 895 

Z = 1491 / -36. 8 ohms 

Again assuming the output voltage to be 2. 1 /0° 
volts, the current at terminal A will be: 

E 2. 1 / 0° 

lt z Z[ z 1491 / -36. 5° 

I t r 1.408 / 36. 5° ma 



The input voltage, E^ n , across the parallel net- 
work composed of R^ and is: 

E in =1 t Z R2C2 

E in = U- 408 x 1Q" 3 / 36.8° )(446 /-63. 5° ) 



E in = 0. 627 / -26. 7 volt 

The output voltage is again below the 0. 707 volt 
value, and the input voltage lags the output 
voltage by 26. 7°. This circuit can not sustain 
oscillations at 2000 cps. 



46.4. The Stable Wien-bridge Oscillator 

Thus far, the only condition that satisfied 
the requirement for oscillation was with a feed- 
back signal at 1000 cps. It was the only fre- 
quency which caused a voltage on the grid which 
is in phase with the output voltage. Also at the 
frequency of 1000 cps, the voltage fed back to 
the grid was at its highest value. 

To make the Wien-bridge oscillator a very 
stable device another feedback path is intro- 
duced into the circuit. This feedback, instead 
of being regenerative, is degenerative. The 
degenerative feedback path is composed of 
resistor and the lamp, LPj. The circuit 
thus constructed is known as a modified Wien- 
bridge oscillator. The additional feedback path 
is shown in Figure 46-5. 

Two diagrams are shown. Figure 46- 5A illus - 
t rates the bridge nature of the circuit, and 
Figure 46 -5B is a simplified schematic showing 
variable regeneration. 

Figure 46-5B illustrates why the additional 




(A) CFCUT DRAWN TO SHOW BRIDGE CIRCUIT 




B + B+- 
IB) CIRCUIT DRAWN TO FACILITATE DISCUSSION 



Q3. What is the frequency of a Wien-bridge 
oscillator with the values of R and Care 5 Kand 
0. 5 uf respectively? 



Figure 46-5 - Modified Wien-bridge oscillator. 
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feedback path is degenerative. The degenerative 
voltage is developed across the lamp, LPj. The 
circuit is so designed that the value of the de- 
generative voltage is such that it will cancel 
the regenerative voltage applied to the grid with 
the exception of one frequency — the operating 
frequency. 

As an example, if the value of degenerative 
voltage was as high as 0. 7 volts, it would cancel 
the regenerative voltage fed to the grid at 
frequencies other than the correct operating 
frequency. At the operating frequency of 1000 
cps, the value of regenerative voltage was 0. 707 
volts. The difference between the regenerative 
and degenerative voltage (0. 707-0. 700 = 0. 007) is 
sufficient to cause the circuit to oscillate. 

The resistor R3 in the schematic of Figure 
46-5B is made variable to control the amplitude 
of degeneration and is adjusted for purity of wave 
form. 

A degenerative feedback voltage is provided 
by the voltage divider consisting of resistor R3 
and lamp LPj. Since there is no phase shift 
across the voltage divider, and since the re- 
sistance is constant for all frequencies, the 
amplitude of the degenerative feedback voltage 
is constant for all frequencies which may pre- 
sent in the output of V2. The degenerative or 
negative feedback voltage is plotted by curve 
(1) of Figure 46-6. 

9 

PHASE SHFT 




FREQUENCY 



Figure 46-6 - Control effect of feedback. 

The regenerative or positive feedback voltage 
is provided by the voltage divider network con- 
sisting of Rj, Ci» R-2 and C2. The reactance of 
the capacitors is almost zero when the frequency 
is very high. In this case, resistor R 2 is 
shunted by a very low reactance making the 
voltage between the grid of Vj and ground al- 
most zero. On the other hand, if the frequency 
is reduced toward zero the current that can 
flow through either or R 2 is reduced to 

almost zero by the very high reactance of C\, 
Therefore, the voltage between the grid of Vj 
and ground falls almost to zero. However, at 
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some intermediate frequency the positive leed- 
back voltage is at maximum, as shown by curve 
(2) ir Figure 46-6. The curve is rather flat in 
the vicinity of f 0 p, but the phase shift that occurs 
in the positive feedback circuit permits only a 
single frequency to be generated. 

The voltage across R 2 is in phase with the 
output voltage of V 2 if RjCj equals R2C2. If 
the frequency of the output of V 2 increases, the 
voltage across R2 tends to lag the voltage at the 
plate of V2. If the frequency decreases, the 
voltage across R2 leads the output voltage of 
V^. Curve (3) in Figure 46-6 shows the phase 
angle between these two voltages as the fre- 
quency of the feedback voltage is varied. 

The purpose of the lamp (sometimes replaced 
by a thermistor) is to improve amplitude stability 
of the circuit. 

When a small signal is applied to the grid, 
amplification occurs, and a large output signal 
is developed. As the output voltage increases, 
the value of the feedback voltage increases. As 
oscillations build up, the lamp resistance in- 
creases. The lamp filament is made of tungsten 
and its resistance increases with the tempera- 
ture of the filament. If the value of the current 
through the tube increases the temperature of 
the lamp filament increases, the resistance 
of the lamp increases, (this is known as a 
positive coefficient of temperature) the value 
of degeneration increases maintaining the am- 
plitude constant at the operating value. 

Q4. A Wien-bridge type oscillator without the 
filter network is what type of circuit? 



Q5. How may the frequency of the Wien-bridge 
oscillator be changed? 



Q6. What is the purpose of the lamp in the Wien- 
bridge oscillator? 

46-5. Phase Shift Oscillators 

The PHASE SHIFT OSCILLATOR of Figure 
46-7 consists of a single amplifier tube and a 
resistance -capacitance phase shifting feedback 
circuit. A standard phase shift oscillator re- 
quires that the signal fed back from the plate 
to the control grid be shifted 180° in order to 
sustain oscillations. This phase shift is nec- 
essary to reinforce the control action of the grid 
signal to make up for circuit losses. The phase 
shift is accomplished by three resistor-capacitor 
sections and operates identical to phase shift 
circuits described and illustrated in section 
13-5. This resistor capacitor network not only 
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A3. f OD <=64 cps when utilizing f OD = 

* y 2tr RC 

A4. A multivibrator. 

A5. By varying the value of the ganged capac- 
itors. 

A6. To improve the amplitude stability of the 
circuit. 




Figure 46-7 - Phase shift oscillator. 



determines the frequency of oscillations but 
also performs the dual function of providing the 
proper phase and amplitude of feedback voltage. 

The phase shift circuit illustrated in Figure 
46-8 is known as a phase lead circuit. When an 
alternating voltage is applied to this circuit 
current flows in the circuit. Since the circuit 
impedance is capacitive, the current leads the 
voltage. The voltage drop Er across resistor 
R is in phase with the current that flows through 
it. Therefore, the voltage Er also leads the 
impressed voltage by the same phase angle. 

When the resistor R is varied, the phase 
angle of the current in the circuit is also varied. 
If R were reduced to zero, the current (theo- 
retically) would lead the applied voltage by 90°. 
However, adjusting Rto zero would be impracti- 
cal. First, because reducing R to zero would 
leave no impedance for developing an output 
voltage and secondly, with R equal to zero, the 
current would lead the applied voltage by Less 
than 90° due to circuit losses. Therefore, a 
minimum of three sections in the phase phift 
circuit are required to produce the necessary 



c 








[ 1 1 






E 


















EC 



Figure 46-8 - Phase shift stage. 

180° phase shift. 

When the output of the first section is fed 
into the next section another phase shift is 
accomplished. When this output is fed into the 
third section, still another phase shift, where 
the current leads the applied voltage, occurs. 
Resistor R3 is adjusted to make the output volt- 
age 180° ahead of the voltage at the output of the 
amplifier tube. When the plate signal is shifted 
180° and is applied to the control grid, the cir- 
cuit will oscillate (Figure 46-7). 

Since the resistance of resistors Rj, R% and 
R3 (Figure 46-7) must be adjusted, the oscillator 
is usually employed where a fixed audio frequency 
is available. 

Small frequency changes may be made by 
varying R3 or C3. If the frequency is to be 
decreased, either the resistance or the capaci- 
tance is increased. The oscillations in this 
circuit are started by any slight changes such 
as variations in the plate supply voltage or 
ordinary tube noises. Since noise is composed 
of all frequencies, one of them will be shifted 
180° by the RC network, and oscillation at that 
frequency will begin. 

The circuit shown in Figure 46-7 is con- 
trolled by an RC network known as a phase lead 
network. This is true because the voltage 
across the resistive component of an RC net- 
work always leads the voltage applied to the 
network. A circuit which uses a phase lag RC 
circuit to accomplish the 180° phase shift to 
produce oscillation is shown in Figure 46-9. 

The phase shift oscillator is useful primar- 
ily in applications where a fixed frequency is 
desired. 
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Figure 46-9 - Phase lag network. 



EXERCISE 46 

Wien-bridge oscillator? 

If C4 in Figure 46-4 were to open, what 
would happen? 

What controls the amplitude of the fre- 
quency variations in the Wien-bridge 
oscillator ? 

What controls the frequency of the phase 
shift oscillator ? 

What starts the oscillation in the phase 
shift oscillator? 

Why is a phase shift oscillator stable ? 



1. Compare the Wien-bridge oscillator to the 
free -running multivibrator. 7. 

2. What controls the frequency of the Wien- 
bridge oscillator? 8. 

3. What is the frequency of a Wien-bridge 
oscillator the RC values of which are 6K 
and 0.6 uf respectively? 9. 

4. Describe what controls the frequency sta- 
bility of the Wien-bridge oscillator? 10. 

5. What is degeneration? 

6. What types of feedback are used in the 11. 
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BLOCKING OSCILLATORS 



Oscillators presented in previous topics were 
of the sustained oscillation type; that is. once 
excited, the circuit produces continuous oscil- 
lations. In various pulse-operated circuits, 
such as those used in radar, a need exists for 
oscillators which produces periodic oscillations. 
Frequently, such oscillations are in the form 
of pulses of specific amplitude and shape re- 
curring at a periodic rate. 

One circuit which satisfies the requirements 
for producing periodic oscillations is the 
BLOCKING OSCILLATOR. A vacuum tube 
blocking oscillator can be defined as one which 
cuts itself off after one or more cycles due to 
the accumulation of a negative charge on the 
grid capacitor. Due to the effect of grid charge, 
the oscillations are interrupted or "blocked" 
intermittently. Blocking oscillators, by nature, 
are not stable to the extent that they may be used 
for precise timing, and must be synchronized 
by pulses from timing circuits. 

Two general types of blocking oscillators 
exist, and are distinguished by the number of 
cycles produced before blocking action occurs. 
The SINGLE SWING type is one in which the 
tube is cut off after completing one cycle. The 
SELF-PULSING type is one which produces 
more than one cycle before the tube cuts off. 

Another oscillator which satisfies the re- 
quirements of pulse-operated circuits is the 
RINGING OSCILLATOR. Basically, this oscil- 
lator operates on the principle of producing 
highly damped oscillations from a shock-excited 
tank circuit. Although its operation does not 
qualify it to be called a blocking oscillator, it 
does provide a simple method of producing 
periodic oscillations. 

In this chapter, the operation and appli- 
cation of the RINGING OSCILLATOR, SELF- 
PULSING BLOCKING OSCILLATOR, SINGLE- 
SWING BLOCKING OSCILLATOR, and DRIVEN 
BLOCKING OSCILLATOR, will be considered. 

The importance in understanding the opera- 
tion of the blocking oscillators lies in the fact 
that they are used extensively where the gen- 
eration of specialized waveshapes is required. 
Since they are frequently employed in military 
electronic equipments, their operation should 
be well understood by the electronics tech- 
nician. 



RINGING OSCILLATOR 

47-1. Principles of Operation 

When a tank circuit is shock excited^circu- 
lating currents within the tank occur. Such 
action is termed the flywheel effect. It is pro- 
duced by the action of the capacitance and 
inductance which form the tank circuit. It will 
be recalled that the losses in a practical tank 
circuit cause succeeding cycles of oscillating 
current to diminish in amplitude, so that a 
damped wave is produced across such a tank. 
If such losses are not continuously replaced 
(proper feedback), sustained oscillations will 
not occur. 

The basic operating principle of the ringing 
oscillator is shownin Figure 47-1, where switch 
Sj is shown connected in series with a tank cir- 
cuit, a current limiting resistor, and a 150 volt 
source. The potential difference appearing 
across the tank is shown by the accompanying 
waveform. The generation of such a waveform 
will now be considered. 




Figure 47-1 - Manually operated 
ringing oscillator. 

Assume S\ (Figure 47-1) is initially closed. 
A large current flows through the low resistance 
of L, which prevents any tank oscillations. For 
practical purposes, the voltage across the tank 
is zero (L is, effectively, a short circuit). The 
large inductive current produces a field about 
the coil which remains stationary, so long as 
Sj remains closed. 

At time Ti, S\ is opened and the inductive 
field collapses causing current to continue 
flowing up through the coil. This current charges 
C[ so that its potential (and that of the tank) is 
negative to positive, top to bottom. This estab- 
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lishes shock oscillations with a resultant wave- 
form in Figure 47-1. As time passes, the 
oscillating current produces successively small- 
er capacitor charges. However, the Q of the tank 
is quite high and oscillations would persist for 
many cycles. 

Assumeat time S\ is again closed. This 
causes a large current to flow through L, effec- 
tively shorting C} and causes tank oscillations to 
cease. The counter EMF produced in the coil 
by this sudden rush of current will develop a 
positive -to-negative (top to bottom) potential 
across the tank, as shown by the waveform. In 
conclusion, therefore, it can be said that open- 
ing of the switch in Figure 47-1 will develop 
output oscillations while closing of the switch 
will cause oscillations to cease. 

The frequency of oscillations in the tank is 
determined by the values of inductance and 
capacitance in the tank circuit. The series of 
oscillations produced each time the switch 
opens can be considered to be a pulse. The 
rate at which the switch is opened and closed 
determines the PULSE REPETITION FREQUEN- 
CY (PRF). The duration of such a pulse (or 
pulse width) is determined by the time lapse 
between the opening and closing of the switch. 
The maximum pulse width is the time for natural 
damping to diminish the output to a prescribed 
level. 

The value of series resistor, R, determines 
the amount of coil current flowing (and the re- 
sultant magnetic field) when Sj is closed. If 
R is quite small, coil current will be large with 
a correspondingly large magnetic field around 
the coil. If R is large, coil current is small as 
is the associated magnetic field. The pulse 
amplitude produced when the switch opens is a 
function of the energy stored in the coil's mag- 
netic field; so that, with a large field the voltage 
across the tank will be large when oscillations 
are produced. It follows, also that the larger 
the initial tank voltage fluctuations, the longer 
such fluctuations will be sustained before natural 
damping reduces them to a prescribed amplitude. 

Although the manual method of providing 
ringing oscillations enables simple analysis 
of the principles involved, such a circuit would 
be of limited practical use. Through the use of 
an electronically controlled switch, such as the 
vacuum tube, a more practical circuit can be 
constructed. Such a circuit will be considered 
in the following topic. 



Ql. Why is the first alternation of tVo output 
signal in Figure 47-1 always ne» ali' e? 

Q2. What determines the frequency of oscil- 
lations ? 



Q3. When does the tank begin to oscillate? 

47-2. Vacuum Tube Ringing Oscillator 
(Quiescent) 

In the manuadly operated ringing oscil- 
lator described in the previous topic, manual 
operation of the switch greatly limited the 
number of puLses (FRF) which maybe generated 
in a given unit of time. There would also be 
problems in trying to maintain a given pulse 
width with any degree of accuracy. Through the 
use of an electronically controlled switch, the 
problems of speed and accuracy are easily 
solved. 

Figure 47-2 shows a basic ringing oscillator 
in which the vacuum tube provides the necessary 
switching action. This switching action is con- 
trolled by the application of gating pulses to the 
input circuit. 
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Figure 47-2 - Basic ringing oscillator. 

In the basic ringing oscillator shown in Figure 
47-2, the grid is returned to B + through a large 
resistor Rg. As a result, the tube is normally 
conducting and grid current flows. The actual 
point of tube operation is determined by the 
relative values of Rg and the cathode-to-grid 
resistance of the tube (Rgk). The voltage di- 
vider formed by Rg and Rg^ can be better 
visualized by referring to the partial diagram 
in Figure 47-2B. As grid current flows from 
cathode through R gJc and R g to +200 volts, the 
large value of Rg drops practically the entire 
supply voltage leaving the grid positive by 
approximately Ou 2 volt. The total current drawn 
by the tube flows through the tank inductor, L, 
creating a large steady magnetic field. Neglect- 
ing the small resistance of L, the output across 
the tank can be considered as being zero volts. 
In the quiescent condition, therefore, V] acts 
as a closed switch providing large tank coil 
current which prevents tank oscillations. 
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When a negative signal is applied to the input 
of the circuit, the conditions of the circuit are 
converted from a quiescent state to a dynamic 
state. Circuit operation under dynamic con- 
ditions v. ill be considered in the following topic. 

Q4. In the ringing or shock-excited oscil- 
lator, what is the function of the tube? 

Q5. During quiescence what is the status of 
the vacuum tube in a ringing oscillator? 

Q6. What is the status of the tank ci rcuit during 
quiescence ? 

47-3. Vacuum Tube Ringing Oscillator 
( Dynam ic) 

Operation of the switching tube used in a 
ringing circuit is usually controlled by a large 
negative square wave or "gate pulse" applied to 
the grid. If the signal is of sufficient magnitude 
the tube will cut off. Under this condition, the 
tube acts as an open switch, interrupting the 
large direct current flowing through the tank 
coil. As a result, tank oscillations will occur 
in the same manner as described in section 
47-1 . 

Normally, it is desired to produce a specific 
number of oscillations during the time the nega- 
tive gate is applied to the tube. By knowing the 
time duration of the gating pulse and the number 
of tank oscillations required, the tank circuit 
resonant frequency can be determined, since: 



fo = 



1 



27r-yTc 



For example, assume the gating pulse is 1000 
microseconds long and 4 cycles of oscillation 
are required from the tank. The period of one 
cycle would be: 

1000 u sec = 250 microseconds 
4 

Converting period to frequency gives: 



fo - *r r 



1 



- 4, 000 cps 



Consequently, the desired tank resonant fre- 
quency would be 4 kc to provide 4 oscillations 
during the application of a 1000 microsecond 
gating pulse. This is shown in Figure 47-3. 

Since the tube acts as a switch, the tank 
frequency is unaffected by changes in tube 
characteristics. In applications where extreme 
stability is required, the tank circuit is placed 
in a temperature-controlled environment, such 
as an oven, to prevent temperature changes 
affecting tank frequency. 



The circuit of Figure 47-3 shows the ringing 
oscillator during the time that the tube is cut off 
by a negative gating pulse. It also shows a time 
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Figure 47-3 - Ringing oscillator with negative 
voltage applied. 

comparison between the gating pulse and the 
output waveform. At the instant the negative 
gate voltage is applied (Tj), the tube cuts off, 
and the field around L collapses tending to keep 
current flowing up through L. This current 
charges C^ and produces the initial negative 
output alternation. The tank resonant frequency 
(f Q ) is 4 kc, so that during the time the 1000 
microsecond gating pulse is applied, four cycles 
are produced in the output. 

As oscillations continue, the tank circuit 
losses produce a damped output waveform. If 
the tube is cut off for a sufficiently long period 
of time, the oscillations would completely damp 
out. To insure that oscillations continue during 
entire length of the gating pulse, the tank circuit 
must have a high Q (high Xl to R ratio). This 
keeps the tank circuit losses low and provides 
minimum damping. 

Referring to the output waveform of Figure 
47-3, a positive damped alternation is shown at 
T^. This occu rs at the end of the gating pulse and 
is due to the sudden conduction of tube current 
through the tank coil, producing a counter EMF. 
The amplitude of this positive alternation is small 
because the low plate resistance of the conducting 
tube shunts the tank circuit. This is the same 
effect encountered in cathode followers where the 
plate resistance shunts the cathode resistor. 
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Al. Because, at the instant S\ is opened, the 
collapsing field about the tank coil keeps 
current flowing up through it, charging C\ 
negative on the top to positive on the 
bottom. 

A2. The inductance and capacitance values 
forming the tank circuit. 

A3. Each time the switch is opened. 

A4. It functions as a switch controlling the 
direct current flowing through the tank 
coil. 

A5. Grid current flows through the voltage 
divider composed of Rg and the cathode- 
to-grid resistance. This develops a slight 
positive potential on the grid causing a la rge 
amount of plate current. 

Ab. The large tube current flowing through the 
tank coil develops a large magnetic field 
around the coil. The small coil resistance 
effectively shorts the tank capacitor with 
the result that no oscillations exist. 
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The negative cathode potential also reduces 
E g k by subtracting from the negative gating 
pulse (E g - E k - 49. 5 - 30 = 19. 5 V) which ef- 
fectively reduces the bias and tends to cause the 
tube to go into conduction. Thus, the negative 
gating pulse MUST BE LARGE ENOUGH to keep 
the tube cut off when the output alternations 
reach their maximum negative value. 

By way of summary, it can be said that the 
ringing oscillator is not free running. Its output 
frequency is determined by tank inductance and 
capacitance. The number of oscillations in the 
output signal is determined by the tank circuit 
resonant frequency and the duration of the gating 
pulse. The pulse rate is determined by the gating 
pulse frequency, and oscillations occur when 
the switching tube is cut off. The tank circuit 
should have a high Q to prevent excessive damp- 
ing action. The tube acts as a switch between 
the tank and the dc source. Since oscillations 
are not interrupted by a negative charge on the 
grid capacitor, the ringing or shock-excited 
oscillator is NOT a blocking oscillator by def- 
inition. 

Ringing oscillators find application where 
oscillations of a certain frequency and time 
duration are required periodically. 



During the portion of oscillations in which 
the output waveform is negative, the switching 
tube cathode becomes negative with respect to 
ground as shown in Figure 47-4. This produces 
a potential difference between cathode and plate 
which is greater than B+(230 volts). A negative 
gating pulse of sufficient magnitude must be 
applied to the grid to prevent the possibility of 
premature tube conduction during the negative 
alternation of the tank circuit voltage. 
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Figure 47-4 - Ringing oscillator circuit con- 
ditions during negative alter- 
nation of output voltage. 



Q7. If a gating pulse of 5000 microseconds was 
used and 10 cycles of oscillation in the output 
were desired, what would be the required tank 
resonant frequency? 

Q8. Of what polarity is the first output alter- 
nation from a ringing oscillator? 

Q9. Why are high Q tank circuits desirable? 

Q10. What effect does the negative alternation 
of the tank output signal have on the tube bias? 

Qll. When will the tank circuit oscillate? 

Q12. What determines the period of time in 
which oscillations occur ? 

Q13. During a given input gating pulse, how 
should tank capacitance be varied to provide 
a greater number of oscillations? 



SELF -PULSING BLOCKING OSCILLATORS 

47-4. General Operation 

The self-pulsing blocking oscillator provides 
output oscillations for more than one cycle before 
blocking action occu rs . If certain modifications 
are made to the basic Hartley oscillator, self- 
pulsing action will occur. To understand the 
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manner in which self-pulsing action will occur, 
the method of producing grid leak bias should 
fi rst be understood. Figure 47-5 shows a Hartley 
during the period of tank oscillations when grid 
current flows. 



B+ 




Figure 47-5 - Grid capacitor charge in a 
Hartley oscillator. 

in Figure 47-5, Cg is shown charging quickly 
through the relatively low cathode-to-grid tube 
resistance during the period of time that the top 
of the tank circuit is positive. Since Rg is large, 
the capacitor charging current flowing through 
this resistor is small. 

When the top of the tank circuit becomes nega- 
tive, as shown in Figure 47-6, Cg begins dis- 
charging. Its discharge path is through Rg re- 
sulting in a long time constant (Rg Cg). The 
value ofRgis suchas to permit a given amount of 
discharge from Cg during the negative alternation 
of tank voltage. The average capacitor charge is 
proportional to the RF voltage acros s the tank so 
that as the amplitude of the tank oscillations in- 
creases, grid leak bias increases and tends to 
maintain a constant amplitude across the tank. 

If the value of Rg, in Figure 47-6, is suffi- 
ciently large, a very small amount of capacitor 
charge would leak off during the period the tank 
voltage is negative. On succeeding positive 
alternation, the charge on Cg will increase. A 
point would be reached where the discha rge cur- 
rent would prevent tube conduction during the 
positive alternation of tank voltage. Without 
tube conduction, the losses within the tank cir- 
cuit are not replaced. As a result, tank oscilla- 
tions will become damped and eventually cease. 

Tank oscillations will not recur until Cg has 
discharged sufficiently to allow the tube to con- 
duct, energy is supplied to the tank circuit and 
oscillations begin. Again, after several cycles 
of oscillation, the grid capacitor is sufficiently 
charged to prevent tube conduction and oscil- 
lations soon cease. Thus, the operation of the 
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Figure 47-6 - Grid capacitor discharge in 
Hartley oscillator. 

oscillator is intermittent and is said to be self- 
pulsing. 

Q14. What change is made to the basic Hartley 
oscillator to make it self-pulsing? 

47-5. Detailed Operation 

The detailed operation of the self-pulsing 
oscillator will begin with application of B+ to the 
circuit of Figure 47-7. Initially, current in- 
creases through L|j developing an expanding 
field that cuts the windings of L£. Counter EMF 
produced in the tank coils produces a positive 
potential at the top of L^. This positive potential 
is applied to the grid causing increased tube con- 
duction and grid current flow. Increased tube 
conduction through L^ develops a greater field 
and provides for more positive tank potential. 
This regenerative action continues as long as 
current through Li changes. Maximum positive 
potential will be developed at the instant tube 




Figure 47-7 - Positive alternation of tank volt- 
age in self-pulsing oscillator. 
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A7. 2 kc. 
A8. Negative. 

A9. To reduce the damping effect in the tuned 
circuit. 

A10. It decreases the bias. 

All. When the tube is cut off by the input nega- 
tive gating pulse. 

A12. The time duration of the input negative 
gating pulse. 

A 13. Tank capacitance should be reduced. 

A14. Increase the Rg-C„ time constant so that 
discharge current Keeps the tube cutoff 
for a period greater than one cycle of tank 
oscillation. 



current is increasing at its greatest rate. This 
causes the field about Lj to expand at maximum 
rate. 

It should be noted that the positive grid poten- 
tial causes grid current to charge Cg. Since the 
charge path has a relatively short time constant, 
the capacitor will charge almost as fast as the 
positive tank voltage is increasing. 

Figure 47-8 shows the entire grid-to-cathode 
waveform (the sum of tank voltage and e C g) 



along with e C g by itself. Notice during the posi- 
tive alternation that the voltage across C g sub- 
tracts from the tank voltage so that the positive 
potential applied to the grid is the difference be- 
tween the two. 

Figure 47-9 shows the circuit conditions at 
the instant plate current no longer increases. 
At this time, Cg is charged to the tank potential 
and the resultant grid voltage is zero. 

Due to the steady tube current flowing through 
L i , the field no longer expands and the tank 
potentail decreases. This, in turn, causes C g 
to begin discharging through R g and the grid 
potential goes negative. As a result, plate 
current decreases as shown in Figure 47-10A. 

With a decrease in plate current, the field 
about Li and L^ begins to collapse, keeping cur- 
rent flowing up through the coils and charging 
the tank capacitor. The negative potential at the 
top of the tank adds to the charge of Cg so that 
their sum is applied across Rg. This drives 
the tube into cutoff as shown in Figure 47-1 OB. 

As the potential across the tank goes through 
the negative alternation, Cg attempts to dis- 
charge through Rg. As is shown in Figure 47-8, 
Cg can discharge only slightly, since Rg Cg is 
quite long. 

When tank potential starts positive, its volt- 
age will add less to the charge of Cg so that 
grid potential will become less negative. This 
is shown by the circuit of Figure 47-11 and the 
waveform of Figure 47-8. 

As the grid potential becomes less negative, 
a point is reached where the tube will begin to 
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Figure 47-8 - Self -pulsing blocking oscillator. Eg and E c 
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Figure 47-9 - Self-pulsing blocking oscillator 
when tube current stops in- 
creasing. 

conduct. Tube current through L] will aid the 
positive change in tank potential. This, in turn, 
will further reduce the negative grid potential, 
causing tube conduction to increase. At some 
point the grid potential will become positive as 
shown by the waveform in Figure 47-8. At this 
time, Cg will take on additional charge due to 
grid current flow. 

The cycle of operation just analyzed will 
repeat itself with Cg charging to a higher poten- 
tial during the period grid current flows. How- 
ever, the charge accumulated during the charge 
period greatly exceeds the charge removed dur- 
ing the discharge period, so that eventually 
the discharge current of Cg through Rg will cut 
off the tube for more than a complete cycle. As 
can be seen in Figure 47-8, when the tank volt- 
age goes positive on the fifth cycle, there is 
insufficient tank voltage to bring the tube out of 
cut off, due to the large potential across Cg. 
As a result, oscillations damp out quickly and 



Cg continues to slowly discharge. At some 
point, the potential across Rg due to capacitor 
discharge will be insufficient to maintain cut off, 
and a new series of oscillations will begin. 
Figure 47 -1Z shows time variations of E C g and 
the output from this circuit, which is inductively 
or capacitively coupled from the tank. 

The period of time during which oscillations 
of a givenamplitude occur is knownas the pulse 
width of the output waveform. This width is de- 
termined primarily by the capacitance of Cg. 
If Cg is large, it will require more cycles to 
charge to a value sufficiently great to maintain 
tube cut off. Thus, as seen in Figure 47-12, 
more cycles will occur if Cg is increased. This, 
in turn, increases the output pulse width. 

The time between series of oscillations is 
known as the REST TIME (or pulse interval), 
and is determined by the time constant of Rg 
and Cg. This time constant is normally con- 
trolled by varying the value of Rg. If Rg is in- 
creased, the discharge time becomes longer, 
requiring more time for Cg to discharge to cut 
off potential. This increases the rest time. 

Two frequencies are involved in the output 
of a self-pulsing blocking oscillator . These con- 
sist of the oscillation frequency, determined by 
the values of inductance and capacitance forming 
the tank, and the number of oscillation groups or 
pulses per second, called the pulse repetition 
(or RECURRENCE) frequency ( PRF). The 
PRF is controlled by varying the Rg Cg time 
constant. If the time constant is long, the 
rest time is also long and fewer pulses will be 
produced per second (lower PRF). If the rest 
time is decreased, the PRF increases. 

By way of review, the Hartley oscillator can 
be modified to operate as a self-pulsing block- 
ing oscillator if the value of Rg is increased. 
This decreases the discharge capability of Cg 
during the negative alternation of tank potential. 
The tube normally conducts on each positive 




Figure 47-10 - Self-pulsing blocking oscillator as grid potential goes increasingly negative. 
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Q17. At the instant tube current reaches its 
maximum value and becomes steady, what 
causes it to decrease? 

Q18. What happens to Cg during the time the 
tube is cut-off? 

Q19. How is pulse width affected if Cg is in- 
creased? Why? 

Q20. How is PRF affected if the value of R g is 
increased ? 

Q21. If Cg were to decrease in value, what 
would happen to PRF? To pulse width? To rest 
time ? 



Figure 47-11 - Self-pulsing blocking oscillator 
as grid potential becomes less 
negative. 

alternation and replaces tank circuit losses to 
sustain oscillations, due to regenerative feed- 
back. As oscillations continue, the charge on 
the grid capacitor increases until sufficient 
charge is accumulated to cut off the tube for 
even the most positive tank potential. The 
output pulse width is controlled mainly by the 
value of Cg while the re6t time is controlled 
by the R g Cg time constant. 

Ql 5, When is e g at its maximum positive value 9 

Q16. Describe the operation of Cg when tube 
current ie increasing. 



SINGLE SWING BLOCKING OSCILLATOR 

47-6. Free-Running 

In contrast to the self-pulsing blocking oscil- 
lator , which produces seve ral oscillations before 
blocking action occurs, the single swing blocking 
oscillator produces one cycle for each out- 
put pulse. One alternation of this output is 
normally much larger in amplitude than the 
other, and is usually used for the gener- 
ation of synchronizing pulses. This output 
pulse or "spike" as it is commonly called, is 
very narrow; usually from 0. 05 to 25 micro- 
seconds in duration. Normally the PRF is in 
the audio frequency spectrum. 

Two types of single swing blocking oscil- 
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Figure 47-12 - RF output and E CJ , of a self-pulsing blocking oscillator. 
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lators are most frequently used. The first to 
be discussed is the free-running type which is 
shown in Figure 47-13. The circuit consists of 
a vacuum tube, pulse transformer, grid resistor, 
and grid capacitor. 



B+ 




Figure 47-13 - Basic free-running blocking 
oscillator. 

A pulse transformer, as used in the circuit 
of Figure 47-13, consists of a primary (P), a 
secondary winding (Si) and a tertiary winding 
(S£)- Pulse transformers are specially de- 
signed for use in pulse circuits where an ordinary 
transformer would round-off or otherwise dis- 
tort the output pulse. As will be explained 
shortly, the pulse transformer controls the 
rise and fall of plate current and aids in de- 
termining the output pulse width. The dots 
associated with the transformer in Figure 
47-13are called "polarity dots" and indi cate the 
terminals which have the same instantaneous 
polarity. Note that the dots used in the pulse 
transformer indicate phase of the winding. The 
no rmal turns ratio of a pulse transformer (P to 
S\) is on the order of unity. 

To analyze the oparation of the free- running 
blocking oscillator, the waveforms of Figure 
47-14 will be used. 

At the instant B+ is applied to the circuit 
(Tq in Figure 47-14), tube current flows as 
shown in Figure 47-15. This current flows 
through the pulse transformer primary winding 
causing an expanding magnetic field to be set 
up around this winding. This expanding pri- 
mary field induces voltages in the secondary 
and tertiary windings in such a manner that e^ 
goes positive while e out goes negative. 

Induced voltage in the secondary and tertiary 
windings cause current flow which will then 
induce a counter EMF in the primary. This 
counter EMF in the primary will aid in reducing 
plate voltage. The speed of buildup of the pri- 
mary magnetic field will then dete rmine through 
transformer action the speed of reduction in part 



99 



TO T 2 T 3 T 4 



1 










f 

Ov— 


fr 

J 


57" 


u 






I 








Ov - 

e out | 

'kf 


J 


_^ 


y 


fV — 



~p|ims|— rest time ~| 



Figure 47-14 - Waveforms of a free-running 
single swing blocking oscillator. 

by this counter EMF. 

This positive signal induced in S| is coupled 
by Cg to the grid of the tube to increase tube 
current; which in turn provides more positive 
grid potential. In a very short period of time, 
e out drops rapidly and eg rises sharply as in- 
dicated by the waveforms of 47-14. Since the 
grid is positive, grid current charges Cg rap- 
idly to the positive potential induced in Sj. 

At time Tj, ep has decreased and eg has in- 
creased to a point where plate current will no 
longer increase. Time T| is then the point of 
maximum grid voltage and minimum plate volt- 
age. At this point there is no change in plate 
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Figure 47-15 - Free-running blocking oscillator 
operation when tube current increases. 
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A 15. When current through the tank inductance 
is increasing at its fastest rate, there- 
by producing maximum positive voltage 
across the tank. 

A16. Cg charges rapidly because of grid cur- 
rent. 

A17. When plate current becomes steady, no 
voltage is induced in L£ t causing Cg to 
discharge through Rg. This produces a 
negative grid voltage, lowering the con- 
duction of the tube. 

A18. Discharges at a slow rate. 

A 19. The pulse width increases because Cg 
charges more slowly, requiringa greater 
number of cycles before the capacitor 
charge is sufficiently great to cut off tube 
conduction on the positive peaks of tank 
voltage. 

A20. PRF decreases. 

A21. PRF would inc rease and pulse width would 
decrease. Rest time would decrease. 



current and therefore the field around the plate 
winding ceases to increase. 

With the field around the primary stationary 
there is no voltage induced in the secondary 
winding. The absence of induced voltage in Sj 
causes C~ to begin to discharge down through 
Rg, developing a high negative grid voltage 
which drives the tube from high conduction to 
cutoff at a very rapid rate. This rapid change 
in tube conduction is caused by a combination of 
Cg discharging and the collapsing field about the 
transformer primary. As the primary field 
collapses, a negative potential is induced in Sj 
causing the grid to become more and more neg- 
ative. This action is shown in Figure 47-16, 
and the waveforms of Figure 47-14 times T\ to 
T^- This action continues until the grid is driven 
well beyond cutoff, thus completing a cycle of 
ope ration. 

Note that between times T2 and T3. the plate 
voltage swings positive above the value of Bf . 
This is due to the small inductance {inductive 
kick) in the pulse transformer. This field col- 
lapses rapidly and the voltages induced in S| 
and S2 soon disappear, as shown at T3 in Figure 
47-14. 

Oscillation does not start again immediately, 
however, because the charge on Cg must leak off 
through Rg. 

After T3, small oscillations appear in the 
waveforms ofcp, e Q ut. andeg. These are shock- 
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Figure 47-16 - Effects of collapsing primary 
field. 

excited oscillations produced by the inductance 
resonating with stray capacitance as a result of 
the sudden transformer primary field collaps. 
These oscillations are undesirable and should 
be minimized. The most common method of 
reducing these unwanted oscillations is by plac- 
ing a resistor in parallel with the secondary 
winding S\ producing high damping. 

From times T3 to T4 in Figure 47-14, the 
tube remains cut-off and Cg discharges slowly 
through the large resistor Rg. The length of 
time required for Cg to discharge before the 
tube conducts is determined by the Rg-Cg time 
constant. This time constant is usually con- 
trolled by varying the value of Rg. Since the 
time from T3 to T4 is the rest time, it can be 
said that Rg controls the rest time and can be 
used to change the PRF. 

Primarily the time consumed by the rise 
and decay of plate current is determined by the 
inductance and resistance of the pulse trans- 
former. This time determines the pulse width. 
The time of the rise in plate current will be 
controlled to a small extent by the charge time 
of Cg. Therefore, if the pulse transformer 
inductance is small, the field will build up and 
decay rapidly {T c - L/R) also, if the value of 
Cg is small the charge time of this capacitor 
will be short allowing the tube to reach maxi- 
mum conduction rapidly. 

Several methods are available for obtaining 
the output from a free- running blocking oscil- 
lator. One method, as already seen, is the use 
of a tertiary winding on the pulse transformer. 
A second method would be to capacitively couple 
the output from the plate of the tube. This 
method of coupling has disadvantages due to the 
frequency range of this type of blocking oscil- 
lator with regards to pulse width and PRF. A 
third method is to place a small unbypassed 
resistor in the cathode circuit. The voltage 
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produced across such a resistor would be posi- 
tive du ri ng conduction as shown by the waveform, 
ij^, in Figure 47-14. 

By comparing waveforms in Figure 47-14, 
it can be seen that the output taken from the 
tertiary winding (e out ) is rounded more at the 
peak than ep. This is due to the lag in field 
build-up in the tertiary winding. The number 
of pulses or spikes per second from the oscil- 
lator is its PRF. Pulse transformers are 
usually fixed components, therefore, the variable 
with regards to PRF is Rg which also varies the 
rest time. Therefore, PRF is inversely pro- 
portional to the Rg Cg time constant or the rest 
time. 

In summary, the free- running single-swing 
blocking oscillator produces sharp pulses or 
spikes the width of which is primarily deter- 
mined by rise and decay of the magnetic field 
around the primary winding of the pulse trans- 
former. The factor dete rmining this time (pulse 
width) is transformer inductance. The polarity 
dots of the pulse transformer indicate the points 
which have the same instantaneous polarity. To 
provide high damping action, the pulse trans- 
former is constructed to minimize stray ca- 
pacitance and has high winding resistance. 
Although efficiency is sacrificed, the primary 
objective in the design of a pulse transformer 
is the production of sharp pulses which may be 
used for synchronizing or triggering purposes. 

Outputs can be taken by means of a tertiary 
transformer winding, by capacitive coupling 
from the plate circuit or through the use of an 
unbypassed cathode resistor. One desirable 
feature of the tertiary winding is that either 
output polarity is available simply by reversing 
the output terminals. 

Although the ability of the oscillator to operate 
without the need for input signal has its appli- 
cations, in some cases it is desirable to trigger 
or synchronize the operationof the single-swing 
blocking oscillator. Such a synchronizing oscil- 
lator will be considered in the following topic. 



Q22. Why does grid voltage go positive in the 
free- running blocking oscillator as tube current 
increases? 



Q23. When does plate voltage become minimum 
and grid voltage become maximum positive? 



Q24. What determines pulse width? 



Q2S. What causes the rapid decrease in tube 
current after maximum steady conduction is 
reached 9 
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~Q2d" What causes plate voltage to go above B+ ? 

Q27. What happens to rest time if Rg is de- 
creased? 

Q28. Why is a resistor added in parallel with 
the pulse transformer output? 



47-7. Synchronized Blocking Oscillator 

The free- running blocking oscillator studied 
in topic 47-6 is relatively unstable. Its PRF is 
determined by the discharge time constant of C_ 
through Rg. Figure 47-17 shows the effect of 
slight variations in the value of Cg or Rg which 
might occur due to temperature changes. Since 
the rest time is relatively long, a slight vari- 
ation in discharge rate (as shown by the slope 
of the curves during discharge) will produce 
fairly large changes in rest time. This, in 
turn, causes large changes in PRF. 
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Figure 47-17 - Effect of small changes in Cg 
or Rg on PRF of free- running 
blocking oscillator. 
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A22. Due to the positive voltage induced in the 
grid transformer winding. 

A23. When tube current is increasing at its 
fastest rate. 

A24. The inductance of the pulse transformer. 

A25. A combination of collapsing primary field 
inducing a negative potential in the grid 
winding and the discharge of Cg, both of 
which cause a high negative grid voltage 
forcing the tube to cut-off very rapidly. 

A26. The collapsing field about the pulse trans- 
former primary winding in series with the 
B+ source. 

A27. Rest time decreases. 

A28. To damp out oscillations afte r each output 
pulse. 



The rate at which a capacitor discharges is 
a function of grid resistance and grid capaci- 
tance time constant. This rate is illustrated by 
the slope of the discharge curve. In Figure 47 - 1 7 , 
it can be seen that if the normal discharge slope 
were increased, the effect of slight changes in 
the slope (due toRg-Cg changes by temperature) 
would be reduced, thereby increasing stability. 

A simple method of increasing circuit sta- 
bility is to return Rg to B+ rathe r than to ground. 
This causes Cg to discharge from some negative 
potential toward B+ rather than ground. Since 
this represents a conside rable inc rease in capac - 
itor potential difference, discharge rate (and 
slope) will be greatly increased, as shown in 
Figure 47-18. Under this condition, slight 
changes in the value of Rg or Cg will have a 
smaller effect upon PRF than for the circuit in 
which Rg is returned to ground. It will be re- 
called that this same procedure was used in the 
free-running plate-coupled multivibrator pre- 
viously studied. The result is improved PRF 
(STABILITY) for given temperature changes. 

A better method of insuring frequency sta- 
bility in a free-running oscillator is to cause 
oscillator action to occur as a result of accurate 
input SYNCHRONIZING PULSES or TRIGGERS. 
These sync triggers force the tube into con- 
duction prior to the normal time required due 
to the grid capacitor discharge rate. Conse- 
quently, the synchronizing frequency must be 
slightly higher than the free- running frequency 
of the blocking oscillator. 

Figure 47-19 shows a synchronized single- 
swing blocking oscillator. Note the only circuit 
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Figure 47-18 - Stabilized free-running block- 
ing oscillator. 

change is the addition of an input coupling ca- 
pacitor. This capacitor can be connected either 
to the tube plate or grid, depending upon the 
polarity of the synchronizing triggers. If the 
sync triggers are positive, they are applied to 
the grid; if negative, they are applied to the 
plate. Through transformer action, the negative 
triggers applied to the plate will produce posi- 
tive triggers in the grid circuit. The voltages 
ep and e ou t will be synchronized at the input sync 
frequency, which is slightly higher than the free- 
running frequency. 

If the sync frequency is much higher than the 
free-running frequency, the circuit might syn- 
chronize itself with every second or third sync 
trigger. This has certain advantages. If a 
PRF of 500 pulses per second (PPS) is desired, 
the circuit could be synchronized with 1000 
PPS triggers, making use of every second sync 
trigger. In this case, the free - running frequency 
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Figure 47-19 - Synchronized single swing 
blocking oscillator. 

would be slightly less than 500 PPS. Since the 
output frequency is lower than the input synchro- 
nizing frequency; frequency division is said to 
have occurred. 

Figure 47-20 illustrates the principle of 
frequency division in a synchronized blocking 
oscillator. It should be noted that the amplitude 
of the sync trigger must not exceed a given 
potential or the circuit will be triggered by every 
input sync pulse. A sync frequency lower than 
the free- running frequency is seldom used, 
since every output pulse would not be synchro- 
nized with a sync trigger. As a result, the 
rest time would vary between each succeeding 
output pulse so that some would be longer than 
normal while others would be shorter than nor- 
mal. In most applications, variations in rest 
times are undesirable. 

It has been shown that a free-running single- 
swing blocking oscillator can be triggered to 
produce outputs synchronized at a given fre- 
quency. If positive sync triggers are used, 
they are applied to the grid circuit while nega- 
tive sync triggers are applied to the plate. The 
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Figure 47-20 - Synchronizing a blocking oscil- 
lator with a multiple-frequency 
trigger. 

sync frequency is usually higher than the free- 
running frequency of the oscillator. If trigger 
amplitude is kept at a proper level, frequency 
division can occur through the application of 
sync triggers which are some multiple frequency 
of the output. Through the use of sync triggers, 
the PRF of the oscillator is unaffected by slight 
variations in the value of Cg and Rg with the 
result that frequency stability is much better 
than for the unsynchronized free-running block- 
ing oscillator. 



Q29. Why are free- running blocking oscillators 
synchronized ? 



Q30. How can stability be improved without the 
use of synchronization? 
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A29. To stabilize the output frequency. 

A30. By returning the grid resistor to B+, use 
of a regulated power supply and by use of 
temperature compensation. 



Q31. Where would positive sync triggers be 
applied? Negative sync triggers? 

Q32. Which frequency (free- running or sync) 
is normally lower? Why? 

Q33. If multiple-frequency sync triggers are 
used, of what importance is their potential? 

47-8. Driven Blocking Oscillator (Blocked 
Oscillator ) 

In many applications, a single-swing block- 
ing oscillator is required which produces an 
output pulse only when triggered; that is, it is 
blocked or prevented from oscillating except 
when a trigger is applied. This blocking is 
usually accomplished by a circuit that biases 
(normally fixed) the tube beyond cut off until a 
trigger is applied. Such a circuit is called a 
driven blocking oscillator or a blocked oscillato r. 
Figure 47-21 shows a typical driven blocking 
oscillator. 

With the values shown in Figure 47-21, the 
voltage divider consisting of Rj and R£ will 
apply a positive 50 volts to the cathode. This 
makes the grid negative with respect to the 
cathode and the tube is cut off. The input 
trigger must be large enough to overcome the 
fixed bias and cause the tube to conduct. 

The Rg Cg discharge time constant is not 
important to the operation of the circuit if fre- 
quency division is not used. As long as Cg is 
sufficiently discharged, the tube can be brought 
out of cut-off when the next trigger is applied. 
The fixed bias is sufficient to maintain the non- 
conduction operation of the circuit until the next 
tri gg er (° r g ate ) is applied, without the use of 
the E r g produced by Rg Cg time constant. 

Refer to Figure 47-21, when trigger fre- 
quency is several times higher, shown in dotted 
lines, one trigger occurs during the Rg-Cg 
discharge time. The amplitude during this 
discharge time is insufficient to bring the tube 
out of cut-off, therefore frequency division will 
occur. This trigger can be applied to the grid 
(if positive) or to the plate (if negative). Capac- 
itor Ci is a cathode bypass capacitor to prevent 
degeneration when the tube conducts. 

When a trigger is applied to the circuit, an 
output pulse is generated in the same manner as 
in a free-running blocking oscillator. However, 
upon completion of the output pulse when tube 



Chapter 47 - BLOCKING OSCILLATORS 

conduction is cut of by the discharge of Cg 
through Rg, fixed bias keeps the tube in a non- 
conducting state until the next trigger is applied. 
The output can be taken from a tertiary winding, 
grid, or from the plate, depending upon the 
polarity, amplitude, and shape of waveform 
desired. 

By comparing the trigger and output wave- 
forms in Figure 47-21, it can be seen that the 
output pulse is narrower than the triggering 
pulse The time required for the output pulse 
to reach its maximum point is the time necessary 
for the tube to go from cutoff to the point where 
tube current can no longer increase. This point 
is where there is insufficient voltage difference 
in the tube to cause tube current to increase any 
further. This is nearly instantaneous, as shown 
by the sharp leading edge of the output wave- 
form. Once the trigger overcomes the fixed 
bias the tube current starts and aided by the fast 
expansion of the primary field and induced volt- 
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Figure 47-21 - Driven blocking oscillator. 
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age and fast charge time of C g , tube current 
increases rapidly. The width of the pulse is 
determined by the time for tube conduction to 
go from its cutoff point to maximum and return 
to cutoff. From the diagram note the sharpness 
of the trailing edge of the output pulse. This 
time is determined by the time required for tube 
current to go from maximum to cutoff. This is 
aided by the 50 volt bias aiding the collapsing 
field. Since this 50 volt bias assists in tube 
cutoff, it can be seen that the output pulse ends 
before the trigger pulse has ended. Through 
the rapid action of the circuit, a narrow pulse 
with a steep leading and trailing edge is pro- 
duced. It can be seen that the blocked oscil- 
lator has shaped the trigger pulse into a more 
usable form. It is in pulse- shaping circuits 



K>5 

that blocked oscillators are frequently used. 

The driven blocking oscillator, therefore, 
differs from a single-swing free- running block- 
ing oscillator only in the fact that f ree- runni ng 
action is prevented by biasing the tube beyond 
cutoff. Consequently, it must have an input 
trigger of sufficient magnitude to cause tube 
conduction and produce an output pulse. Usually, 
a voltage divide r supplies the necessary biasing 
potential to maintain tube cutoff when no input 
trigger is applied. 

Q34. Is the driven blocking oscillator free- 
running 9 Why 9 

Q3S. Why is the trailing edge of the output 
pulse steep. 
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A31. . Positive to the grid circuit, negative to 
the plate circuit. 

A32. The free- running frequency ie usually 
lower than the sync frequency. This is 
to insure that each output pulse is gen- 
erated in synchronization with an input 
tr igg er so that the rest time between out- 
put pulses is constant. 

A33. The potential must not be too large or too 
small, since inproper frequency division 
would result. 

A34. No, because the tube is cut off by fixed- 
bias voltage which prevents free-running 
action. 

A35. The steepness is determined by the time 
required for the tube to go from maximum 
conduction to cut off. Since the fixed bias 
aids the action of Cg in cutting off the 
tube, tube conduction will go from maxi- 
mum to cut off very rapidly, and the output 
pulse will have a steep trailing edge. 



EXERCISE 47 



1. Why is the first alternation in the output of 
a ringing oscillator always negative? 

2. In a ringing oscillator, what would be the 
tank frequency to provide 10 oscillations 
during a 1236 microsecond gating pulse? 

3. What characteristics of the ringing oscil- 
lator circuit sustains oscillations while the 
tube is cut off 9 

4. If the cut-off potential of a switching tube 
used in a ringing oscillator were -14 volts, 
would a gating pulse of -15 volts cut the 
tube off? Explain. 

5. If the filament of a ringing oscillator switch- 
ing circuit were to open while the tube was 
conducting, what would be the output wave- 
form ? 

6. The last alternation in the output of a ringing 
oscillator always has what polarity? Why? 

7. What happens to the output pulse width if 
Cg is decreased in a self-pulsing blocking 
oscillator? Why? 

8. What happens to PR F is R g is decreased? 
Why? 

9. In a self-pulsing blocking oscillator, what 
is the tank potential at the instant plate cur- 
rent becomes steady 9 Why? 

10. How can the frequency of oscillations be 
increased in a self-pulsing blocking oscil- 
lator? 

11. If a self-pulsing blocking oscillator pro- 
duced continuous oscillations because of a 



maladjustment, what could be done to pro- 
vice blocking action? Explain. 

12. Whydoesa single- swing blocking oscillator 
produce only one oscillation before blocking 
action occurs ? 

1 3. What causes plate voltage in the single- 
swing blocking oscillator to go above B+ ? 

14. Where can outputs be taken from a single- 
swing blocking oscillator? 

15. Where would negative and positive sync 
triggers be applied, respectively, in a syn- 
chronized single swing blocking oscillator ? 

16. What is the normal relationship between 
the sync frequency and free- running fre- 
quency in a synchronized single- swing 
blocking oscillator 9 

17. If thedesired PRFof a synchronized single- 
swing blocking oscillator is 1000 PPS, and 
the sync trigger frequency is 3000 PPS, what 
would be the free-running frequency? 

18. What would happen to the output frequency 
of a synchronized single-swing blocking 
oscillator using a sync trigger frequency 
of 800 PPS to cause an output of 400 PPS? 

19. How does the blocked os c illato r differ from 
the synchronized single-swing blocking 
oscillator? 

20. Of the various blocking oscillators, which 
provides the greatest practical range of 
output pulse repetition frequencies 9 
Explain. 



CHAPTER 48 
CLAMPERS- CLIPPERS-COUNTERS 



In this chapter, three types of circuits will be 
discussed. These circuits called CLAMPERS, 
CLIPPERS and COUNTERS are used in innu- 
merable pieces of electronic equipment. Not 
the least of these applications is radar. 

The first of these three circuits to be con- 
sidered is the clamper. 

48-1. Purpose of Clamping Circuits 

A circuit that holds either amplitude extreme 
of a waveform to a given reference level of 
potential is called a CLAMPING CIRCUIT, or 
DC RESTORER. 

Before discussing clamping circuits it is 
desirable to review briefly the actionof coupling 
networks. In the coupling between stages in 
radio and radar circuits, a coupling capacitor 
is generally used to keep the high positive dc 
plate potential of the first tube isolated from the 
grid of the second tube. It is desi rable that only 
the VARYING component of the plate potential 
be transmitted to the grid as a signal varying 
above and below some fixed reference level. If 
the lower end of the grid resistor is grounded, 
the signal varies above and below ground as 
shown in Figure 48-1. Thus the input of an 




Figure 48-1 - RC coupling. 

ordinary RC coupling network is alternating in 
character about the average voltage level of the 
applied waveform. After the coupling capacitor 
charges to the average applied voltage, any de- 
crease in applied voltage causes the output 



voltage of the RC network to swing negative. 
Any increase above the average causes the out- 
put voltage to swing positive. 

If a biasing potential is employed, the signal 
applied to the grid varies above and below this 
dc bias voltage as shown in Figure 48-2, 




Figure 48-2 - RC coupling without clamping. 



For a class A amplifier, the signal applied 
to the grid varies above and below some fixed 
reference level. The biasing potential is adjusted 
to the center of the class A range and the varying 
potential is kept within the limits of this range. 

In other circuits, however, the waveform 
swing must be entirely above or entirely below 
the reference voltage, instead of alternating on 
both sides of it. For these applications a clamp- 
ing circuit is used to hold either the extreme 
positive or the extreme negative of the waveform 
to the desired level as shown in Figure 48-3. 



POSITIVE o.amp:ng 



NEGATIVE 



(A) 



(B) 



Figure 48-3 - Positive and negative clamping. 

To obtain positive clamping, the maximum 
negative point of a waveform is positioned on 
some value of dc reference voltage in such a 
manner as to cause the entire waveform to lie 
in a more positive area than the reference 
voltage. This is shown in Figure 48-3A. 

To obtain negative clamping, the maximum 
positive point of a waveform is positioned on 
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some value of dc reference voltage in such a 
manner as to cause the entire waveform to lie 
in a more negative area than the reference volt- 
age as shown in Figure 48-3B. 

Hence, a clamping circuit selects some dc 
reference voltage on which it positions a wave- 
form. Clampers must not appreciably change 
the shape of a waveform in any manner. Any 
significant distortion which results from clamp- 
ing is an indication of clamping circuit de- 
ficiencies in component types or values. 



constant exists. This is due to the extremely 
high non-conduction plate to cathode resistance 
of the diode. Consequently, the capacitor will 
neither charge nor discharge appreciably and 
the output voltage will equal the sum of the input 
and capacitor charge voltages. 

For clarity of circuit analysis, a 500 cps 
square wave whose amplitude varies from +50 
volts to -50 volts is used in Figure 48-5. The 
capacitor, C, equals 0. 1 microfarad and the 
resistor, R, equals 1 megohm. Assume the 



Ql. What is positive clamping? 

Q2. Using normal RC coupling with Rg returned 
to ground, Ej n is varied between +110 volts and 
+ 120 volts. What are the voltage extremes 
across Rg 9 

Q3. What is the primary function of a clamper? 

48-2, Positive Diode Clamper (Unbiased ) 

The simplest type of clamping circuit utilizes 
a diode in conjunction with an RC coupling cir- 
cuit, one arrangement (positive clamping) of 
which is shown in Figure 48-4. In this instance 
the capacitor voltage is maintained at approx- 
imately the minimum applied voltage. 

To understand the action of this circuit the 
following points should be kept in mind: If the 
cathode of a diode is made negative with respect 
to the plate (or the plate positive with respect to 
the cathode), electrons flow from cathode to 
plate and the tube becomes a LOW RESISTANCE 
(in effect, a short circuit); if the cathode is made 
positive with respect to the plate, no current 
flows and the tube may be considered a HIGH 
RESISTANCE (in effect, an open circuit). 




Figure 48-4 - Unbiased positive diode clamper. 



Therefore, when the input waveform causes 
the diode to conduct, an extremely short time 
ccDnstant will be formed by the capacitor and the 
conduction plate to cathode resistance of the 
diode. This conduction resistance is approx- 
imately 500 ohms the low value of which results 
in C quickly charging to almost the input volt- 
age. 

When the input waveform is of such polarity 
that the diode does not conduct, a long time 
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Figure 48-5 - Unbiased positive diode clamper 
with waveforms. 

conduction resistance of the diode to be 500 ohms. 
e R = e Q in Figure 48-5 and the accompanying 
explanation will demonstrate the formula ei n 
+ C C = e o at any instant of time. As illustrated 
in Figure 48-5, when e m is zero volts at point 
A, e c equals zero volts and ej^ equals zero 
volts. This is the condition in the unbiased 
positive diode clamper before an input is applied. 
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At point B on the input waveform, ej n is +50 
volts. The diode will not conduct with a positive 
potential on its cathode and is effectively an open 
circuit. The voltage eR will be equal to +50 
volts and will be equal to zero volts as shown 
in Figure 48-5 and Figure 48-6. 




Figure 48-6 - Circuit conditions at point B. 




Figure 48-8 - Circuit conditions at point D. 



charge until point E is reached. Just prior to 
capacitor discharge, e^ in reference is equal 
to +50 volts, ei n is equal to -50 volts, and 
is equal to zero volts. This condition is il- 
lustrated in Figure 48-5 and 48-9. 



The time duration of the +50 volt input alter- 
nation (B to C) is 1000 microseconds as shown 
in Figure 48-5. The capacitor attempts to 
charge during this time but the time constant 
of C and R equals (0.1 x 10-*> x 1 x i0 6 ),or 
100,000 microseconds. Therefore, the ca- 
pacitor will charge for 1 / l 00 of one time constant 
from point B to point C, and as illustrated on 
the waveforms in Figure 48-5 and in the circuit 
of Figure 48-7, the voltage e^, can only increase 
to a fraction of a volt and e^, the output, drops 
slightly. 




Figure 48-9 - Circuit conditions at point E. 




Figure 48-7 - Circuit conditions at point C. 



At point D on the input waveform ei n has 
dropped to a -50 volts. The voltage, e^, will 
drop to -50. 5 volts because of the charge on the 
capacitor adding to ei n as shown in Figure 48-5 
and 48-8. When the tube conducts, the total 
resistance in series with the capacitor will 
decrease to approximately 500 ohms. The time 
constant now is (0. 1 x 10"" x 500), or 50 micro- 
seconds. The time duration of the -50 volt input 
is 1000 microseconds, which makes the circuit 
a short time constant circuit. 

The capacitor will charge to *50 volts in 
250 microseconds - one-fourth of the time be- 
tween points D and E. It will then retain that 



At point F on the input waveform, ei n rises 
rapidly to +50 volts, and increases from 

zero volts to +100 volts which is the sum of 
+ e m as shown in Figure 48-5 and 48-10. 




Figure 48-10 - Circuit conditions at point F. 



If the tube were able to conduct, the capacitor 
would charge 50 volts in the opposite direction 
(a change of 100 volts). However, the circuit 
time constant is presently 100 ,000 microseconds. 
Since the time duration of the positive 50 volt 
input is 1000 microseconds, and the time from 
point F to point G is 1/ 100 of one time constant; 
the capacitor will only discharge approximately 
one volt of its total charge. Therefore, at point 
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Al. The electronic positioning of a waveform 
so that its most negative point rests on the 
dc reference voltage causing the entire 
waveform to fall in a positive region with 
respect to the reference voltage. 

A2. +5 volts and -5 volts. 

A3. To establish a reference level on which a 
waveform is positioned. 



G, eQ equals +49 volts, e m equals +50 volts, 
and equals +99 volts as shown in Figures 

48-5 and 48-11. 




Figure 48-11 - Circuit conditions at point G. 

At time H on the input waveform, ej n has 
dropped to -50 volts, equals +49 volts; and 

e^ must drop to -1 volt as shown in Figures 
48-5 and 48-12. 
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does not persist after the capacitor reaches its 
+ 50 volt charge. Consequently, the output 
following the first cycle is an exact duplicate of 
the input waveform except that its most negative 
extremity is clamped on the dc reference point 
of zero volts. 

Since the input voltage alternates between 
+ 50 and -50 volts, and the output voltage, e 0 , 
alternates between zero volts and +100 volts, 
the circuit is identified as a zero bias positive 
clamper with a reference of zero volts. 

In critical analysis, it can be determined that 
a minute portion of the output waveform extends 
below the zero reference level. This extension 
represents the recharge voltage of C immediately 
following the negative excursion of the input 
waveform. The duration of this spike is ex- 
tremely short since during diode conduction C 
recharges rapidly. 

The value of capacitor recharge voltage is 
determined by the voltage loss ofC during diode 
non-conduction, and is a function of the value of 
R. As R is increased in value, capacitor re- 
charge voltage decreases. Should, however, R 
be removed from the circuit or become infinite 
in value, the reference of e Q would vary with 
any change in amplitude of e^ n . This is due to 
the inability of C to leak excess charge through 
R, thereby destroying the self-adjusting feature 
of a clamper circuit. Hence, some arbitrary 
value of R must be used in a clamper circuit. 

The value of R should be sufficient to maintain 
the diode cut-off discharge of C at a minimum. 
In this manner, distortion of the output waveform 
is kept extremely low. 

Circuit adjustment to amplitude changes (e m ) 
is better accomplished as R is reduced in value. 
Care must be taken in reducing R, lest with too 
low a value, differentiation should occur. The 
clamper circuit, therefore is a compromise as 
concerns the selection of a value of R. Small 
values of R aid circuit response to input ampli- 
tude changes. Large values of R minimize dis- 
tortion. Normally, a large value of R is used 
as distortion is extremely undesirable. 



Figure 48-12 - Circuit conditions at point H. 

At point H, diode conduction now provides a 
short time constant circuit of 50 microseconds. 
The capacitor rapidly recharges to t50 volt6 
which returns the output voltage to its zero 
reference level. As demonstrated in Figure 
48-5, these events occur long before time I. 

At time J on the input waveform, e m increases 
to +50 volts and eR (e Q ) rises to the sum of e{ n 
+ e c or +100 volts. 

As may be observed in Figure 48-5, there is 
some slight distortion of the output waveform 
during its first cycle. This initial cycle distortion 



Q4. Of what does the elementary clamper circuit 
consist ? 

Q5. On which alternation of ein using a positive 
diode clamper circuit does the capacitor charge ? 

Q6. What level of distortion is acceptable in the 
output of a clamper circuit? 

48-3. Positive Diode Clamper with Positive 
Bias 



The positively biased positive diode clamper 
operates similarly to the unbiased clamper 
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with the exception that a bias is in the circuit. 
The most negative extremity of the output wave- 
form is clamped to a reference which is the bias 
level. This is shown in Figure 48-13. Observe 
that with positive bias, the negative terminal of 



-' 4- 
CrQlUf 

ec s lOv 



vi 



e R < 
0v< 



R 

IM 



6|N-0V 




— lOv 



«OUT 
lOv 



CIRCUIT CONDITIONS AT POINT "A" 
+ 50v 



e|N Ov 



+IIOvr 



A 




c 








KXXX* 

r - 


KXXX* 


B 









+60v 
e OUT 

Ov- 



- +I0v 



f=500cps 




+I0v 



Figure 48-13 - Positive biased positive diode 
clamper with waveforms. 

the battery is grounded. 

With zero input to the circuit (Figure 48-13, 
point A), the capacitor can be considered to be 
charged to the bias level. Hence, the output is 
+ 10 volts (e out = e C + e in ). 

On the first positive alternation of the input 
cycle, the diode is non-conducting and the output 
level increases to +60 volts, resembling the 
appearance of the input waveform. Because of 
the long time constant circuit the capacitor dis- 
charges but slightly. 

When the input becomes -50 volts, a change 
of 110 volts, the diode conducts and the ca- 
pacitor rapidly charges to +60 volts (et> ias 
+ ei n ) before diode conduction ceases. This is 



the circuit condition at point B Figure 48-14 on 
the input waveform. Observe that when e^ went 
to 60 volts, e Q returned to the reference level. 




Figure 48-14 - Circuit conditions at point B. 

At point C of the succeeding positive alter- 
nation of the input cycle, the diode is non- 
conducting and e Q = +110 volts {ein + e^ = e Q ). 
This is demonstrated in Figure 48- 1 3 and 48 - 1 5. 

From the foregoing analysis it can be observ- 
ed that once cq = +60 volts (e m + e bias)» tne 
output, will vary between +10 volts and +110 
volts as the input varies between -50 volts and 
+ 50 volts. The characteristics of this circuit 
are the same as those of the unbiased positive 
diode clamper save that the reference ( + 10 
volts) is established by the bias battery. As a 
consequence, the capacitor will at some time 
assume a charge of +60 volts which is the sum 
of the positive peak of the input cycle plus the 
bias voltage. 




Figure 48-15 - Circuit conditions at point C. 

Q7. To what reference will the most negative 
extremity of the input cycle be clamped when the 
signal is applied to a positive diode clamper with 
+ 5 volts bias? 

Q8. A signal varying between -20 volts and +60 
volts is applied to the circuit of question 7. What 
is the ave rage charge of C? What are the output 
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A4. A resistor, capacitor and diode. 

A5. The negative alternation. 

Ab. An extremely negligible amount. 

A7. +5 volts. 



positive and negative waveform extremities? 
What is the output peak to peak amplitudes? 



Positive Diode Clamper with Negative 



46-4. 

Bias 

The negatively biased positive diode clamper 
differs from the positively biased positive diode 
clamper only in that the bias polarity is reversed 
thereby relocating the reference. The reference 
on which the most negative extremety of the out- 
put waveform is positioned now becomes the value 
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Figure 48-16 - Positive diode clamper with 
negative bias. 



of negative bias used in the circuit as shown in 
Figure 48-16. 

Referring to Figure 48-16, observe that the 
capacitor is charged to the bias level when ej n 
is zero (point A on the input). This is true be- 
cause the generator (ei n ) provides a charge path 
through its internal resistance. Therefore, the 
output voltage at this instant is -10 volts (ej n 
+ e C = e 0 ). 

At point B ej n rises to +50 volts, e Q increases 
from -10 volts to +40 volts or to the value of ein 
+ eQ. During this time, the diode is non-conduct- 
ing and the time constant is long, causing the 
capacitor to discharge only slightly. 

At point C on the input waveform in Figure 
48-16, the input is once more -50 volts. The 
instantaneous output is -60 volts with respect 
to the plate as shown in Figure 48-17. During 
this very short tim e constant, the 50 volt charge 
across the capacitor occurs as was shown in 
Figure 48-16. The capacitor now charges to 40 
volts, (Figure 48-18) and the output is -10 volts 

< e in + € C = e o)- 




Figure 48-17 - Circuit conditions at point C. 

When ej n rises again to +50 volts at point E 
(Figures 48-16 and 48-19). e Q rapidly inc reases 
from -10 volts to +90 volts (ei n + e c = e 0 ). Due 
to the long time constant circuit during diode 
non-conduction, the capacitor will discharge but 
slightly. 




Figure 48-18 - Circuit conditions at point D. 
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Therefore, as ej n varies between -50 and 
+ 50 volts at point E (Figures 48-16, 48-19), c 0 
rapidly increases from -10 volts to +90 volts. 
Circuit action is similar to that of an unbiased 
clamper. 




— lOv 



Figure 48-19 - Circuit conditions at point E. 

Q9. In a positive diode clamper with a -15 volt 
bias, what is the reference. Which extremity 
of the output waveform is clamped to the refer- 
ence ? 

Q10. A varying signal of -25 volts to +25 volts 
is applied to the circuit of question 9. What are 
the positive and negative extremities of the out- 
put waveform ? 

48-5. Negative Diode Clamper (unbiased) 

The principle difference between the unbiased 
positive and negative clamper circuits is the 
manner in which the diode is connected. In the 
positive clamper, the anode of the diode was 
connected to the reference. Negative clampers 
differ from positive clampers by the fact that 
the cathode of the diode is connected to the 
reference (see Figure 48-20). In this manner, 
the output waveform will have its most positive 
extremity clamped to the reference. Stated 
otherwise, the entire output waveform will lie in 
a more negative area than the reference. This 
is shown in Figure 48-21. The diode in the 
negative clamper conducts upon the application 
of the positive alternation of the input waveform , 
providing a path for rapid charging of the ca- 
pacitor. This corresponds to a short time 
constant circuit. Upon application of the neg- 
ative alternation of the input signal, the diode 
is non-conducting and the output voltage is the 
sum of the negative alternation of the input 
signal. The diode is non-conducting, and the 
output voltage is the sum of the charge on the 
capacitor during the positive alternation, and 
the magnitude of the negative alternation {cq 
+ ei n ). A high value of resistance is utilized 



Figure 48-20 - Negative diode clamper 
(unbiased). 

to prevent the capacitor from discharging ap- 
preciably during the period in which the diode 
is non-conducting. This corresponds to a long 
time constant circuit. 

The circuits in Figure 48-20 and waveforms 
in Figure 48-21 clarify the action of the unbiased 
negative clamper. On the first positive alter- 
nation of the input signal, the diode conducts, 
and the capacitor charges rapidly to a potential 
of -50 volts. After the capacitor is charged, 
the output remains at zero volts (e in + e^). On 
the negative alternation of the input signal the 
diode is non-conducting. During this period, 
the capacitor does not discharge appreciably 
through the one megohm resistor. Accordingly, 
the output voltage (e D ) decreases to a negative 
100 volts (ej n + ec) at times F, G, H; and re- 
mains at this level during the entire duration 
of the negative input alte rnation. As in the basic 
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A8. +25 volts, +5 to +85 volts, 80 volts. 
A9. -15 volts, the most negative extremity. 
A10. +35 volts and -15 volts. 
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Figure 48-21 



Waveforms for negative 
unbiased clamper. 



vinbiased positive diode clamper, the value of 
the resistor in the unbiased negative diode 
clamper must be large to avoid output waveform 
distortion. 



Qll. On what alternation of the input waveform 
would the diode in the negative clamper conduct ? 



Q12. When the diode in the negative clamper 
does not conduct, what does the output voltage 
equal ? 

48-6. Negative Diode Clamper with Negative 
B i a B 

A biased negative clamper operates in the 
same manner as the biased positive clamper. 
A negative diode clamper with a -10 volts bias 
as shown in Figure 48-22 will clamp the upper 
extremity of the waveform at a -10 volts rather 
than z,ero volts. 

With zero volts input at point A of the input 
waveform shown in Figure 48-23, the capacitor 
is initially charged to the value of bias voltage 
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Figure 48-22 - Negative diode clamper with 
negative bias. 

(-10 volts) through the source resistance. The 
output voltage (e 0 ) at that time is -10 volts 
( e in + C C)« When the input waveform initially 
goes positive for the first time at point B, the 
capacitor rapidly charges through the low for- 
ward resistance of the conducting diode to -60 
volts (e in + e bias)* ^ 8 indicated by Figure 
48-23, the capacitor is charged to a -60 volts 
long before point C (the end of the first positive 
alternation), and the output voltage returns to 
-10 volts. On subsequent alternations, the in- 
put signal is in a negative direction (points F, G, 
and H), the diode is non-conducting, and the 
charge on the capacitor remains relatively 
constant. The output voltage (e Q ) is approx- 
imately -110 volts (eQ + ein) during the duration 
of the negative input alternations. Whenever 
the input signal goes positive, the diode conducts, 
causing the capacitor to charge rapidly to 
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Figure 48-23 - Waveforms for biased negative 
clamper. 

negative 60 volts, and the output to return to -10 
volts. As a result of this circuit action, the most 
positive extremity of the waveform is clamped 
to the negative 10 volt reference. 

Q13. In the clamper circuit in Figure 48-22, 
why does e out equal -10 volts when ej n is +50 
volts? 

Q14. If a biased negative diode clamper had a 
-15 volts bias and an input waveform with a 
peak-to-peak value of 80 volts, what is the value 
of the upper and lower extremities of the out- 
put waveform ? 

48-7. Negative Diode Clamper with Positive 
Bias 

A negative diode clamper is shown in Figure 
48 - 24 with positive bias. 

With zero volts input at point A on the input 
waveform, the capacitor is charged to the bias 
voltage and e ou t is +10 volts. When the input 
goes to 50 volts (point B), the capacitor charges 
rapidly to -40 volts, the sum of ei n and the bias 
voltage. The charge path is through the low 
forward resistance of the conducting diode. The 
output voltage after the capacitor has made this 
charge returns to a value of +10 volts. On all 
subsequent negative alternations of the input 
signal (points F, G, and H), the diode is non- 
conducting; and e ou t equals -90 volts (ei n + e^), 



Whatever small amount the capacitor is able to 
discharge during the negative alternations of the 
input is quickly replenished when the tube con- 
ducts on the positive swing of the input voltage. 
Thus with the input varying from -50 volts to 
+ 50 volts, the output varies from +10 volts to 
-90 volts as shown in Figure 48-24. The positive 
most extremity of the waveform has been clamped 
to the +10 volt bias reference. 

Q15. A negative diode clamper with a battery 
for positive bias would have which terminal of 
the battery grounded? 

48-8. Grid Clamping 

Clamping may be performed at the grid of an 
ordinary triode or pentode as well as in a diode. 
Any element of an electron tube, if made positive 
with respect to the cathode, attracts electrons 
from it. On the other hand, any element made 
negative with respect to the cathode repels 
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Figure 48-24 - Negative diode clamper with 
positive bias. 
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All. On the positive alternations. 

A12. The output voltage equals the input voltage 
plus the voltage on the capacitor. 

A13. Because the capacitor quickly charges 
through the low resistance of the conduct- 
ing diode to -60 volts (the sum of the 
input voltage and the bias voltage, and the 
output equals ei n plus e^ or -10 volts. 

A14. -15 volts and -95 volts. 

A15. The negative terminal. 



electrons and has no current flow. Thus, the 
grid of a tube, connected as shown in Figure 
48 -25 acts as the plate of a diode circuit. Any 
tendency of the grid to go positive causes grid 
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current to flow, charging C quickly to the applied 
potential through the low resistance conducting 
path. Once the capacitor has charged to the most 
positive value of the input voltage, eg will equal 
zero volts as shown in Figure 48 - 26, (points B, 
C, D, E). When the input voltage, which can be 
the plate waveform from a previous amplifier, 
decreases to +100 volts; the voltage on the grid 
drops to a -5 volts (e^ + c in)- The capacitor can 
not rapidly discharge through R because of the 
long time constant and the grid voltage remains at 
-5 volts during the time the input voltage is +100 
volts. 




Figure 48-25 - Grid clamping circuit. 



Figure 48-26 - Grid clamper waveforms. 

It can be seen that the upper extremity of the 
grid waveform is clamped to zero volts. The 
action of the grid clamping is the same as that 
of the negative diode clamper discussed pre- 
viously. 

Q16. A grid clamper is what type of clamper? 

48-9. Application of Clamping Circuits 

In practice, clamping usually is encountered 
in sweep circuits. If the sweep voltage does not 
always start from the same reference point, the 
trace itself does not begin at the same point on 
the screen each time the cycle is repeated, and 
is therefore jittery or erratic. If a clamping 
circuit is placed between the final sweep ampli- 
fier and the deflection element, the voltage from 
which the sweep signal starts can be regulated 
by adjusting the dc voltage applied to the clamp- 
ing circuit. 

One circuit that is typical of the clamping 
circuits used in cathode-ray oscilloscopes is 
shown in Figure 48-27. The beam of the cathode- 
ray tube, V3, is deflected by the push-pull 
sawtooth voltages shown. The beam therefore 
traces a bright line on the screen when it is 
moved from left to right at uniform speed, 
starting at point A. At the end of the sweep, the 
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beam is moved very quickly from point B back 
to point A. The function of the clamping circuit 
is to force point A to remain at the same place 
on the screen even though amplitude variations 
may occur in the applied sawtooth wave. In 
Figure 48-27, the resistors R4 and R^ form a 
voltage divider which applied +200 volts to the 
left deflection plate (d\). R5 and the variable 
resistor, R3, provides anywhere from +100 volts 
to 4 300 volts for the right deflection plate (d^). 
By varying the dc voltage on the right deflection 
plate {d^), the trace or dot on the CRT can be 
positioned horizontally. Thus, R3 is the HORI- 
ZONTAL POSITION CONTROL. 

Assume that no sweep voltage is applied, and 
only a dot is seen on the CRT. If the arm of the 
resistor, R3, was set at the center of R3, the 
dc voltages on the deflection plates would be 
equal and the dot would be centered. If the arm 
of R3 was all the way to the left of R3, the right 
deflection plate (d^) would be 100 volts more 
positive than the left deflection plate (di), and 
the dot would be positioned to the right. 

With the arm of R3 positioned as shown in 
Figure 48-27, (dj) is 100 volts more positive 
than (d^), and the dot is positioned on the left 
side of the screen. It can be seen that if the 
dot is to move from left to right when a sweep 
voltage is applied, the arm of R3 should be near 
its minimum setting. 
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Figure 48-27 - Typical application of clampers. 

The input to C\ in Figure 48-27 is a negative 
going sawtooth waveform varying between +125 
and +25 volts. The input to is a positive going 



waveform varying between +25 and +125 volts. 
These waveforms could not be applied directly 
to the deflection plates without interfering with 
the horizontal positioning system. If they were 
applied by RC coupling without diode clampers, 
as illustrated by waveforms 1 and 2 in Figure 
48-27, and if their amplitudes were to vary, the 
starting point would also vary. The clamper 
consisting of Vj, Cl andRj clamps the waveform 
applied to d\ below the +200 volt reference es- 
tablished by the voltage drop across R^. There- 
fore, the waveform applied to dj will always 
start at -200 volts at point A regardless of its 
amplitude. 

The clamper consisting of V2, 0%, and R^ 
clamps the waveform applied to d2 above the 
+ 100 volt reference established by the setting 
of the arm of R3. Thus, the waveform applied 
to dz, with the arm of R3 positioned as shown in 
Figure 48-27, will always start at the +100 volt 
reference regardless of its amplitude. 

From this analysis, it is evident that the 
centering system furnishes the bias for the 
clampers, and that the trace on the CRT will 
always begin at the same point on the screen 
regardless of the amplitude of the sawtooth wave - 
f o rm s . 



Q17. Why is clamping often used when applying 
a sawtooth voltage waveform to the horizontal 
deflection plates of the CRT? 

Q18. What type of clamper is Vj, C\, and Rj 
in Figure 48-27, and what type of bias is used? 

Q19. What type of clamper is V^, Cz, and R^ 
in Figure 48-27, and what type of bias is used? 

48-10. The Purpose of Limiting Circuits 
(Clippers) 

The term LIMITING refers to the removal by 
electronic means of one extremity or the other 
of the input wave. Circuits which perform this 
function are referred to as limiters or clip* 
pers. 

Limiters are useful in waveshaping where it 
is desirable to square off the extremities of the 
applied signal. A sine wave may be applied to 
a limiter to obtain a rectangular wave. A peaked 
wave may be applied to a limiter to eliminate 
either the positive or the negative peaks from 
the output. In frequency modulation receivers, 
where it is necessary to limit the amplitude of 
the signal applied to the detection system to a 
constant value, limiter circuits are employed. 
Limiters find application as protective devices 
in circuits which the input voltage to a stage 
must be prevented from swinging too far in the 
positive or the negative direction. 
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A16. A negative clamper. 

A17. To insure that the trace on the CRT will 
always start at the same point. 

A18. A negative clamper with positive bias. 

A 19. A positive clamper with positive bias. 

Q20. What function does a clipper perform? 



48-11. Series Diode Limitin 



The characteristics of a diode are such that 
the tube conducts only when the plate is at a 
positive potential with respect to the cathode or, 
in other words, when the cathode is negative with 
respect to the plate. If the cathode is held at 
ground potential the plate need only be positive 
with respect to ground for current to pass through 
the diode. A positive potential may be placed 
on the cathode, in which case the diode does not 
conduct until the voltage on the plate rises above 
an equally positive value. Likewise, the cathode 
may be held at a negative potential and the diode 
conducts when the plate is positive with respect 
to the cathode and continues to conduct while the 
plate is at this negative potential which is less 
than the negative potential cu> the cathode. As the 
plate becomes more positive with respect to the 
cathode, the current through the tube increases 
and the plate-to-cathode resistance decreases 
rapidly from an open circuit to an average value 
on the order of 500 ohms. 

The serie s -diode limiter (diode in series with 
the load) shown in Figure 48-28 is commonly 
used to limit the positive half of a sine wave. 
The rectifying action of the diode is utilized in 
a manner so that it may be termed a switch. 
This is justified if the value of R is very large 
as compared to the resistance of the diode when 
conducting. Thus, in Figure 48-28, the output 
voltage remains at zero throughout the positive 
half cycle of the input since the diode switch is 
open and no current flows through R. 




During the next half cycle, on the other hand, 
the cathode is negative with respect to the plate, 
and the diode conducts. The switch is closed 
and the output voltage developed ac ros s R follows 
the applied voltage and, neglecting the very small 
drop across the diode ep, is essentially equal 
to it. 

In a similar manner the same circuit, with 
the diode connections reversed, may be used 
to limit the negative swing of the input voltage. 
This application is illustrated in Figure 48-29. 
The diode switch is closed during the positive 
swing of the input voltage and is open during the 
negative swing. Thus a voltage is developed 
across R duri ng the positive half cycle only. 




Figure 48-28 - Series diode used to limit 
positive signals. 



Figure 48-29 - Series diode used to limit 
negative signals. 

Q21. What circuit conditions must exist in a 
series diode limiter in order toobtainan output? 

Q22. Which alternation of the input waveform 
causes the diode to be non-conducting in a series 
negative diode limiter? 



48-12. Parallel Diode Limiters (unbiased ) 

An alternate method of employing diodes in 
limiter circuits is shown in Figure 48-30. The 
diodes in the two circuits, Aand B, are connected 
in parallel with the load, which is assumed to 
be a very high impedance so that the output cur- 
rent is negligible. 

In Figure 48-30A, the diode is connected so 
as to limit the positive signals at approximately 
ground potential. Since the cathode is held at 
ground potential, the diode conducts throughout 
the entire positive half cycle. Current flows 
through the diode and through the series resistor, 
R. As R is large as compared to the plate-to- 
cathode resistance of the diode, essentially the 
entire output voltage is developed across R and 
the output voltage is only the very low voltage 
drop across the diode, ep. This may be a 
negligible positive voltage depending on the 
ratio of R to the diode resistance. On the 
negative swing of the input, the diode does not 
conduct; thus no current flows through R and 
the output voltage equals the input. 

In Figure 48-30B, the plate of the diode is held 
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Figure 48-30 - Parallel-diode limiter circuit. 

at ground potential so that the diode does not 
conduct during the positive half cycle. Thus the 
output voltage equals the input. During the 
negative half cycle of the input voltage, the 



cathode is negative with respect to the plate and 
the diode conducts. The diode current flows 
through the series resistance R across which 
essentially the entire output voltage is developed. 
The output voltage is limited to the very low 
voltage drop across the diode. This low negative 
voltage as a rule may be neglected and in this and 
the previous examples, the outputs may be 
considered as being limited at essentially ground 
potential as a result of the switching action of 
the diode. 

Q23. Is the diode conducting or non-conducting 
in a parallel diode limiter when the limiting 
action occurs ? 

QZ4. What should the ohmic value of the resistor 
used in a parallel diode limiter be with respect 
to the conducting resistance of the diode? 

48-13. Biased Parallel Diode Limiters 

An input voltage can be limited to any desi rabie 
positive or negative value by holding the proper 
diode electrode at that voltage by means of a 
battery or a biasing resistor. In Figure 48-31, 
two such circuits are shown. 

The cathode of the diode in Figure 48-31A is 
more positive than the plate by the value of E 
when no signal is applied at the input. As long 
as the input voltage remains less positive than 
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Figure 48-31 - Parallel diodes limiting above and below ground potential. 
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A20. A clipper performs the function of re- 
moving one extremity of an input wave- 
form . 

A21. The diode must conduct. 

A22. The diode is non-conducting on the negative 
alternations. 

A23. The limiting action occurswhen the diode 
is conducting. 

A24. The ohmic value should be very large. 



the battery voltage, E, the diode acts as an open 
switch and the output equals the input. If the 
input increases to a value greater than E, the 
diode conducts and behaves as a closed switch 
which effectively connects the upper output 
terminal to the positive terminal of the battery. 
Thus during the portion of the input cycle, the 
output voltage equals E and the difference be- 
tween ej n and E appears as an iR drop across 
the resistor, R, neglecting cp. 

The plate of the diode in Figure 48-31 B is 
negative by the value of battery voltage E. Thus 
as long as the input is positive or is less negative 
than E the diode is an open switch and the output 
voltage, e ou t,is equal to the input. When the 



input becomes more negative than E, the diode 
conducts and effectively connects the upper 
terminal to the negative terminal of the battery. 
During this portion of the input cycle, e Qut equals 
E and the difference between e m and E appears 
as an iR drop across R. 

It is sometimes desirable to pass only the 
positive or negative extremity of a waveform on 
to a succeeding stage. To accomplish this, the 
parallel-diode limiters shown in Figure 48-32 
can be employed. In A, the entire portion of 
the input waveform above the negative potential, 
E, causes the diode to conduct, thus producing 
an output voltage which varies between the 
negative level of E and the negative extremity 
of the input. In B, the diode conducts during 
the entire portion of the input waveform which 
is below the positive potential of E. The output 
voltage then varies between the positive level of 
E and the positive extremity of the input wave- 
form. In either case, the difference between 
the value of E and ej n , during the time the diode 
conducts, is represented by the ip drop across 
the series resistor, R. 

Q25. What portion of the input waveform is 
clipped by a positive parallel diode lirniter with 
5 volts positive bias? 

Q26. When does the limiting action take place 
in a negative parallel diode lirniter? 




(A) "EGATIVE PEAKS RETAINED 




Figure 48-32 - Parallel diode limiters that pass peaks only. 



Chapter 48 - CLAMPERS - CLIPPERS - COUNTERS 



121 



Q27. What would be the positive and negative 
extremity of the output waveform of a parallel 
negative diode limiter with a positive 7 volts 
bias if the input varied between -15 volts and 
+ 15 volts? 

Q28. What portion of an input waveform varying 
from -10 volts to +10 volts would be limited by a 
positive parallel diode limiter with a -2 volt 
negative bias ? 

48-14. Double Diode Limiters 

Double-diode limiters are used to limit both 
positive and negative amplitude extremities. A 
circuit connected to provide this type of limiting 
is illustrated in Figure 48-33. 

Diode Vj conducts whenever the positive- 
going input signal exceeds Ej, thus limiting 
the positive output to the value of E|, This re- 
sults from the fact that V] , in effect, connects 
the output terminals ac ross E\ ; V£ * s > °f course, 
non-conducting, or an open circuit, during this 
time. The difference between ej n and E\ appears 
as an i^ drop across R. 

Diode conducts whenever the negative- 
going input signal exceeds E£, thus limiting 
the output to the value of E^ during the negative 
half cycle. During this time, the output ter- 
minals are connected, in effect, across E£; and 

is, of course, an open circuit. 

This circuit represents a simple method of 
producing a square-wave output from a sine 
wave input voltage. 

Q29. How can the amount of limiting of either 
the positive or negative extremity be controlled 
when using a double-diode limiter? 



48-15. Grid Limitin 



The grid-cathode circuit of a triode, tetrode, 
or pentode maybe employed as a limiter circuit 
in exactly the same way as the plate-cathode 
circuit of the diode limiter illustrated in the 
upper part of Figures 48-31 and 48-32. By 
inserting a series grid resistor in Figure 48-34A 
that is large compared with the grid-to-cathode 



resistance when grid current flows, essentially 
the entire positive half cycle of the input voltage 
is limited almost to zero. For example, the 
grid-to-cathode resistance may drop from an 
infinite value, when the grid potential is negative 
with respect to the cathode, to a value of the 
order of 1000 ohms when the grid becomes 
positive with respect to the cathode. If a one 
megohm resistor is placed in series with the 
grid, the voltage drop across the 1000 ohm Rgk 
is negligible compared with that which is de- 
veloped across the one-megohm resistor by the 
flow of grid current. 

The grid limiter circuit shown in Figure 
48-34A is held normally at zero bias. During 
the positive portion of the input signal the grid 
attempts to swing positive. Grid current flows 
through R, developing an ig^ drop of such 
polarity as to oppose the positive input voltage. 
The larger R is with respect to Rg^» the smaller 
will be the relative voltage across Rg^ when 
grid current flows. The drop across R may be 
considered as an automatic bias developed during 
that part of the input cycle when grid current 
flows. 

Alternate circuits for limiting the positive 
peaks of the input voltage are shown in Figure 
48-34B and C. In part B, the tube is biased by 
the negative grid potential, E, supplied to the 
grid. No grid current flows until ej n rises 
sufficiently to equal and effectively remove the 
biasing voltage, E. Any further rise of e^ n 
drives the grid positive with respect to the 
cathode, and grid current through R limits the 
signal on the grid by virtue of the voltage drop 
across R. 

In Figure 48-34C, bias is developed between 
grid and cathode by the flow of plate current 
through Rfc. Any positive signal, ein, must drive 
the grid positive by an amount equal to the value 
of Efc before the biasing effect of Rj^ is removed. 
A further rise of the input voltage produces grid 
current, and this results in the limiting of the 
voltage at the grid due to the value, E^, and 
holds the voltage at this level over the entire 
cycle. 
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Figure 48-33 - Double-diode limiter. 
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A25. The portion that is more positive. 

A26. The limiting action takes place when the 
input waveform goes negative. 

A27. +7 volts to +15 volts. 

A28. That portion between -2 volts and +10 
volts would be limited. 

A29. The amount of limiting can be controlled 
by changing the value of bias voltage. 




I 

mho e« * 




Figure 48-34 - Grid limiters. 

It can be seen that whenever a series -limiting 
resistor is used in the grid circuit the grid cannot 
be driven to an appreciable positive voltage and, 
despite the positive amplitude of the input voltage, 
the maximum plate current which flows is that 
determined by the plate supply and the re- 
sistance of the plate circuit at zero bias. Thus 
the minimum plate voltage is determined by the 
limiting action in the grid circuit. These plate 
current and plate voltage relationships are shown 
in Figure 48-35. 

Q30. How can a grid limiter be identified? 

Q31. What alternation of the grid waveform is 
limited ? 




CO 



Figure 48-35 - Effect of grid limiting on plate 
current and plate voltage. 

Q32. Which alternation of the plate waveform 
would be limited? 

48-16. Saturation Limiting 

The grid limiting resistor may be omitted, 
if the input signal comes from a low -impedance 
high power source, and limiting in the plate 
circuit may still be realized. This is due to the 
plate-circuit saturation and is usually referred 
to as SATURATION limiting. Plate-current 
saturation should not be confused with emission 
saturation since in tubes using oxide coated 
cathodes, there is no definite saturation value of 
emission current. 

By using a large value of plate-load resis- 
tance, Rl, and a low plate-supply voltage E D , 
saturation limiting may be produced by a rela- 
tively low amplitude of positive grid voltage. In 
any case, however, the plate current can never 
exceed the value Ebb/^L # * n an actual circuit, 
some positive voltage must remain on this plate 
to attract electrons from the cathode, and the 
saturation plate current never quite reaches 
E dd /Rl. I r other words, there remains across 
the tube a low voltage drop when plate current 
is at saturation, since the plate-to-cathode 
resistance at saturation does not decrease to 
zero. 

In Figure 48-36 the lb vs. e D characteristic 
of a tnode,( A) is used to illustrate the effect of 
saturation limiting on the plate voltage. The 
input signal applied to the grid(B), which is 
normally at zero grid bias, is not of sufficient 
amplitude to drive the tube to cut-off on the. 
negative swing; but causes the plate current to 
saturate on the positive swing. The dotted ex- 
tension of the load line describes the tube during 
the positive alternation of the input cycle. The 
maximum plate cur rent, (C) , cannot exceed the 
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36 - Saturation limiting. 



value E^/Rl no matter how high the amplitude 
of the positive grid signal, and is actually slightly 
less because of the low- saturation plate re- 
sistance which remains in series with the load. 
The maximum plate current defines the lowest 
value to which the plate voltage can fall,(D). 
During the remaining portion of the input cycle 




CO. 



SATJRATlON- 
LIMT1MG 




" UMJT1NC 



Figure 48-37 - Comparison of grid and 
saturation limiting. 



the grid controls the flow of plate current which 
in turn determines the shape of the plate voltage 
waveform. 

The results of saturation limiting are similar 
to those of grid limiting in that the negative- 
going portion of the plate voltage is affected. 
These are compared in Figure 48-37. Saturation 
limiting has the advantage of producing an out- 
put wave of greater amplitude, but it has the 
disadvantage of requiring considerably more 
power to drive the grid. 

Q33. What are two circuit characteristics of a 
saturation limiter? 

Q34. Which alternation of the plate waveform 
is limited by a saturation limiter? 



48-17. Cut-off Limitin 



Electron current through a vacuum tube can 
flow only from cathode to plate and not from plate 
to cathode. Therefore, plate cur rent cannot be- 
come a negative value. When the grid is driven 
to cut-off, the plate current is decreased to 
zero and remains at zero during the time the 
grid is below cut-off. Since no current flows 
through the plate circuit when the tube is cut 
off, there is no voltage developed across the 
load resistance; and the plate is maintained at 
the full value of the plate supply voltage. Thus, 
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A30. A grid limitercanbe identified by a large 
series resistor in the grid circuit. 

A31. The positive alternation is limited. 

A32. The negative alternation would appear to 
be limited. 

A33. A large plate load resistorand a low B+. 
A34. The negative alternation. 



a type of limiting is achieved inwhich the positive 
extreme of the plate waveform is flattened as 
a result of driving the grid beyond cut-off. 

The cut-off voltage may be defined as the 
negative voltage, with respect to the cathode, 
to which the grid must be driven in order to 
prevent the flow of plate current. For any given 
type of tube this voltage level is a function of 
the plate supply voltage and in the case of triodes 
may be approximated by the expression: 



= Eb 



(48-1) 



where E D is the plate supply voltage and u is the 
amplification factor of the tube. This relation 
is not valid in the cases of tetrodes and pen- 
trodes. 



In Figure 48-38, the I D vs. E D characteristic 
of a triode is used to illustrate the limiting effect 
caused by driving the grid of an amplifier beyond 
cut-off. The grid is normally biased to -5 volts 
by the steady drop across Rfc. A. The value of 
E^b * s sucn that the cut-off potential E co is -7 
volts. The maximum amplitude of the input volt- 
age is 4 volts; thus the grid voltage, C, swings 
in a positive direction from -5 volts to -1 volt 
and in a negative direction from -5 volts to -9 
volts. During the time that the grid voltage re- 
mains below cut-off, the plate current remains 
at zero and the plate voltage is held at the level 
of E bb . 

Q35. Which alternation of the plate waveform 
is clipped due to cut-off limiting? 

48-18. Overdriven Amplifier (Combination 
Saturation and Cut-Qff Limiting) 

An amplifier circuit in which saturation- 
limiting is employed in conjunction with cut-off 
limiting to produce a rectangular wave from a 
sine wave is generally known as an OVER- 
DRIVEN AMPLIFIER. The driving circuit for 
such an amplifier should have a relatively low- 
output impedance and be capable of delivering 
power, as conside rable cur rent is drawn during 
the positive swing of the grid. The value of the 
load resistor Rl, is made as large as practicable 
for the plate voltage supply available. 




= (A) 



Figure 48-38 - Squaring top of plate voltage by cut-off limiting. 
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Figure 48-39 illustrates the grid- voltage, 
plate -cur rent, and plate- voltage relationships 
as determined by the 1^ vs. E^ characteristics 
and the circuit constants of the overdriven 
amplifier. 

Q36. Name a primary requirement of an over- 
driven amplifier circuit as regards the amplitude 
of the input signal? 

48-19. Limiter Applications 

In radar work, very narrow pulses often are 
required to start oscillators into action, to force 
grids above cut-off so that the tube may conduct 
for a short period, or to modulate radio fre- 
quencies into brief pulses. Alternately positive 
and negative pulses, obtained in various ways, 
may be passed through a limiting circuit to 
obtain pulses which are either positive or neg- 
ative with respect to a reference value. This 
reference level may be at zero voltage or any 
positive or negative potential. By alternate 
stages of amplification and limiting, the pulse 
may be narrowed to any width desired. A typical 
series of such actions is illustrated in Figure 
48-40. 

Limiting and differentiating circuits can 
be used in combination to change sine waves into 
square waves, and then to limit the peaks of the 
resultant waveform. A circuit for accomplishing 



this sequence of events is illustrated in Figure 
48-41. 

A sine wave is fed into the input. The series 
diode limiter removes the positive portion of 
the signal and passes the negative portion to the 
triode limiter. The diode can only conduct when 
its cathode is negative with re6pect to its plate- 
or, in this case, negative with respect to ground. 

As the grid of the triode limiter becomes 
more negative, the plate current drops and plate 
voltage rises until the grid voltage reaches cut- 
off. The plate voltage remains at the applied 
voltage during the time the grid is held below 
cut-off. When the grid potential rises above 
cut-off, plate current increases, and the plate 
potential falls. Thus, a square wave is formed 
at the output of V2. 

If the grid of V3 were disconnected, the 
square wave across the small time constant 
RlC[ would give a peaked wave with negative 
and positive pulses, or spikes across R\. With 
the grid of V3 connected, the larger part of the 
positive peak is clipper off because of grid cur- 
rent flow in V3. The voltage applied to V3 is 
therefore a series of negative pulses. 

Except when negative pulses are applied to 
the grid of saturation current flows in the 
plate circuit, and the plate voltage is low. Dur- 
ing the time negative pulses are applied to the 
grid of V3, the voltage at its plate rises to the 




Figure 48-39 - Formation of square wave by saturation and cut-off limiting. 
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A35. The positive alternation. 

A36. The input signal must be large in ampli- 
tude. 



AMPLI- 
FICATION 
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Figure 48-40 - Formation of narrow pulses by 
successive stages of special 
radar circuits. 

supply voltage. The output is therefore a series 
of positive pulses. 

Q37. How are limiting and differentiating cir- 
cuits used to obtain a peaked wave from a sine 
wave ? 



48-20. The Purpose of Counting Circuits 

A counting circuit receives uniform pulses 
representing units to be counted, and provides a 
voltage proportional to their frequency. 



By slight modifications, the counting circuit 
is used in conjunction with a blocking oscillator 
to produce a trigge r pulse which is a submultiple 
of the frequency of the pulses applied, thus acting 
as a frequency divider. 

The pulses applied to the counting circuit 
must be of the same time duration if accurate 
frequency division is to be made. Counting cir- 
cuits are ordinarily preceeded by shaping cir- 
cuits and limiting circuits to insure uniformity 
of amplitude and width. Under these conditions, 
the pulse- repetition-frequency constitutes the 
only variable, and frequency variations may be 
measured. 

Q38. Name a common application of counting 
circuits. 

48-21. Positive Counters 

Positive pulses, which may vary only in their 
recurrence frequency, are applied to the input 
of the positive counter shown in Figure 48-42. 
The charge on the coupling capacitor, C\ , cannot 
change instantaneously as the positive leading 
edge is applied; so the plate of becomes 
positive and the diode conducts. A charging 
current flows through Rj during the pulse time 
anda small charge is developed on Cj. Between 
pulses V 2 cannot conduct, as its plate is negative 
with re spect to its cathode . However, Vj conducts, 
discha rging the small charge from the capacitor, 
which would otherwise build up during each 
succeeding positive pulse, eventually rendering 
the circuit insensitive to the applied pulses. 
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Figure 48-41 - A method of squaring and peaking a sine waveform. 
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Figure 48-42 - Positive counting circuit. 

It is apparent in Figure 48-42 that since 
a certain amount of current flows through Ri 
each time a puis e is applied, an average current 
flows which increases as the pulse recurrence 
frequency increases and decreases as this fre- 
quency decreases. ThelR drop developed across 
R] can be used to control a succeeding stage as 
illustrated in Figure 48-43. The filter in the 
grid circuit of V3 aids in obtaining smooth 
operation by removing too rapid changes in 
voltage developed across Rj, The voltage at 
the grid of V3 varies with changes in the pulse 
frequency and produces variations in the plate 
current of V3. A milliammeter is placed in 
series with the plate circuit so that changes in 
the average plate current are indicated as a 
measure of variations in the recurrence fre- 
quency of the input pulses. This circuit could 
be made to count negative pulses if V\ and V2 
were reversed. 




Figure 48-43 - Circuit controlled by a positive 
counter. 

Q39. What determines the magnitude of the 
voltage on the control grid of V3 in Figure 
48-43? 

Q40. What is the purpose of Vi ? 



48-22. Step- by -step Counting 

It is often desirable to have a counting circuit 
that will count a specific number of pulses and 
then trigger another circuit, similar to the 
positive counting circuit in Figure 48-42. 

For step counting, the load resistor of the 
positive counting circuit is replaced by a ca- 
pacitor, C2. This capacity is relatively large 
in comparison to the capacity of Cj. Each time 
V2 conducts, the charge on C^ is increased 
slightly as shown in Figure 48-44. The steps are 
not the same height, and they decrease in 
height exponentially with time as the voltage 
across C2 approaches the final value, as shown 
in Figure 48-46. 

As long as there is no discharge path for C2t 
the voltage across its terminals increase with 
each successive step until it is equal in amplitude 
to the applied pulse. When this condition is 
reached, V2 will no longer conduct because its 
plate and cathode are at the same potential. 




Figure 48-44 - Step-by-step counting. 



The voltage across C2 might be applied to 
a grid-controlled thyratron to cause the tube to 
conduct {fire) when the required numbe rof pulses 
has been counted. The firing of the thyratron 
would discharge C2 P and the counting cycle would 
start all over again. 

The circuit in Figure 48-45 may be used as 
a frequency divider. When used in this manner, 
V3 is used as a single-swing blocking oscillator 
that is triggered when the voltage across C2 be- 
comes great enough to cause the tube to conduct. 
At other times, the tube is cut off by the bias 
voltage developed in the section of R that is be- 
tween ground and the slider. 

In operation, as soon as the charge on C2 is 
great enough to overcome the bias voltage, the 
grid of V3 swings positive with respect to its 
cathode, and the heavy grid current quickly 
discharges C2. A positive pulse at the output 
will appear as a submultiple of the input PRF. 

The submultiple number is determined by the 
setting of R, which sets the bias voltage of V3 
and thereby selects the number of pulses that 
must be applied to the input before V3 will con- 
duct. For example, a PRF of 1000 cps may be 
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A37. The limiter changes the sine wave to a 
rectangular wave and the differentiator 
changes the rectangular wave to a peaked 
wave. 

A38. Frequency counters or frequency dividers. 
A39. The frequency of Cj n . 



A40. To provide a quick discharge path for C\ 
when the positive pulse is removed from 
the input. 




Figure 48-45 - Blocking oscillator triggered 
by counter circuit. 



fed to the input of the counting circuit. The bias 
on V3 is adjusted so that the voltage built up on 
will overcome the bias voltage every fourth 
step (as shown in Figure 48-45). Therefore, 
the rise in voltage on the capacitor triggers the 
oscillator and the current flow through the 



CLIPPERS - COUNTERS 
oscillator then discharges the capacitor. The 
oscillator output pulse frequency would then be 
one-fourth the input frequency, or 250 cps. 

When using step-by-step counting circuits, 
the amplitude of ei n becomes significant and 
must remain constant. This is because any 
variation of ej n amplitude could cause an in- 
accuracy in counting which is based on a given 
output level. 
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Figure 48-46 - Step voltage developed across 

Q41 . What is the basic difference between a 
simple positive counter and a step counter? 
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EXERCISE 48 



1. Define negative clamping. 

2. What part of the waveform is limited by a 
positive clamper? 

3. On which alternation of the input waveform 
would the diode in a positive clamper con- 
duct? 

4. When will the sum of the capacitor voltage 
and input voltage in a positive clamper equal 
the output voltage? 

5. A positive diode clamper with a +15 volt 
bias has an input varying between -20 volts 
and +40 volts, what would be the upper and 
lower extremities of the output waveform? 

6. A positive clamper with a -20 volts bias has 
an input waveform varying between -100 
and -100 volts. To what reference would 
the most negative extremity of the waveform 
be clamped? 

7. In the example of question 6, what would be 
the upper and lower extremities of the out- 
put waveform ? 

8. On which alternation of the input waveform 
would the diode in a negative diode clamper 
be non-conducting? 

9. A negative diode clamper with a negative 
bias of 1 5 volts has an input waveform 
varying between +90 and +110 volts. To 
what reference would the most positive ex- 
tremiety of the output waveform be clamped? 

\Q m In the example in question 10, what would 
be the upper and lower extremities of the 
output waveforms? 

11. Why is a resistor used in the diode clamper 
circuit ? 

12. What would happen to the output waveform 
of a diode clamper if the resistor in the 
clamper circuit became very low in value? 

13 On which alternation of the input waveform 
does the capacitor charge in grid clamping? 

14. Grid clamping positions which extremity of 
the waveform to the reference? 

15. Where are clamping circuits often used? 

16. What are other names for clampers? 

17. What is the function of limiters? 

18. Docs a series diode limiter perform when 
the tube is cut off? 



19. Do parallel diode limiters operate when the 
tube, is cut off? Explain. 

20. On which alternation of the input waveform 
would the diode in a positive series diode 
limiter conduct? 

21. On which alternation of the input waveform 
would the diode in a negative parallel diode 
limiter conduct? 

22. A positive parallel diode limiter with a -7 
volts bias has an input varying between -10 
voltHand ♦lO volts. What part of this wave- 
form would be seen in the output? 

23. What portion of an input waveform varying 
between -20 volts and +20 volts would be 
limited by a negative parallel diode limiter 
with -12 volts bias? 

24. A double diode limiter with no bias would 
limit what portion of an input varying be- 
tween -5 volts and +• 5 volts? 

25. A triode with a large series resistor in the 
grid circuit indicates what type of limiting? 

26. Which alternation of the plate waveform 
would be limited by grid limiting? 

27. Which alternation of the plate waveform 
would be limited by saturation limiting? 

28. How can a normal triode amplifier circuit 
be used to obtain saturation limiting? 

29. Which alternation of the grid waveform is 
clipped by grid limiting? 

30. What alternation of the plate waveform is 
clipped by cut-off limiting? 

31. Which alternation of the grid waveform is 
clipped due to cut-off limiting? 

32. What type of limiting is accomplished by 
overdriving an amplifier with a large ampli- 
tude sine wave input? 

33. If a sharp spike output was desired at every 
instant a sine wave exceeded the zero 
reference, what combination of circuits 
could be used ? 

34. Name a principle variable as far as the input 
pulses are concerned when they are fed into 
a positive counter? 

35. What can be accomplished by a step counter 
in conjunction with a driven blocking oscil- 
lator? 
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Chapter 48 - CLAMPERS - CLIPPERS - COUNTERS 



A41. The load resistor in a positive counter 
when replaced by a capacitor converts the 
circuit into a step counter. 



INDEX 



A 

Amplifier: 

cathode follower, 44-5 

directly coupled, 44-10 

horizontal, 44-1 

sync, 43-11 

vertical, 44- 1 6 
Aquadag, 41-9 
Astable Multivibrator, 43-4 
Attenuator: 

basic step-switch, 44-3 

horizontal, 44-17 

vertical, 44-17 



B 

Back resistance, 42-1 

Basic step- switch attenuator, 44-3 

Bi-stable, 43-4 

Blanking pulse, 43-1, 43-12 

Blocking oscillator: 

driven, 47-8 

self pulsing, 47-4 

single switch, 47-6 

synchronized, 47-7 

C 

Cathode follower: 

horizontal, 44-5 

input impedance, 44-7 

output impedance, 44-6 

vertical, 44-19 
Cathode ray tube: 

aquadag, 41-9 

construction, 41-9 

deflection plates, 41-12 

electromagnetic, 41-9 

electron gun assembly, 41-11 

electrostatic deflection, 41-12 

focus control, 41-3 

intensity control, 41-3 

phosphor screen, 41-10 
Circuits, sync, 43-1 
Clampers! 

negative, unbiased. 48-5 

negative, with negative bias, 48-6 

negative, with positive bias, 48-7 



positive, unbiased, 48-2 

positive, with negative bias, 48-4 

positive, with positive bias, 48-3 

purpose of, 48- 1 
Clippers: 

biased parallel diode, 48-13 

double diode, 48-14 

parallel, 48-12 

purpose of, 48- 1 0 

series diode. 48- 1 1 
Coarse frequency control, 43-2 
Complex wave, 45-1 
Counte rs: 

positive, 48-20 

purpose, 48-19 

step-by- step, 48-21 

D 

DC restorer, 48- 1 
Deflection plates, 41-9 
Deflection sensitivity, 41-13 
Deflection voltage, horizontal, 43-1 
Differentiator circuit, 45-6 
Diode clampers, 48-1 
Directly coupled amplifier: 

basic, 44-10 

cascade, 44-11 

horizontal, 44-12 

vertical, 44-20 
Discriminator, 45-2 



E 

Eccles- Jordan, 43-5 
Electron gun, 41-9 
Ext Sync, 43-11 



F 

Fine frequency control, 43-2 

Flip-flop, 43-5 

Fluorescence, 41-10 

Flyback, 43-1 

Fly-back time, 43-1 

Forward resistance, 42-1 

Free running, 43-4. 43-7 

Free running plate coupled, 43-8 
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F (continued) 
Frequency control, 
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coarse, 43-2 



Gating pulse, 43-4 
Generator, sawtooth, 43-1 
Generator, sweep, 43-10 
Grid limiting, 43-9 

H 

Hard tube, 43-4 

Hard tube sawtooth generator, 43-1, 43-4 
Horizontal amplifiers, 44-1 
Horizontal attenuator, 44-2 
Horizontal deflection voltage, 43-1 



Intergrator circuit, 45-4 
Intensity modulation amplifier, 



41-8, 43-12 



Oscillator: 
driven blocking, 47-8 
phase shift, 46-5 
relaxation, 43-1 
ringing, 47-1 

self pulsing blocking, 47-4 

single swinging blocking, 47-6 

sweep circuit, 41-6 

synchronized blocking, 47-7 

wein bridge, 46-1 
Oscilloscope: 

OS-8C/U. 43-1, 43-10 

power supply requirements, 41-2 

use of, 41 - 1 
Oscilloscope power supply: 

bleeder resistor, 42-9 

block diagram, 42-2 

electron tube voltage regulator, 42-8 

filters, 42-9 

high voltage, 42-6 

intermediate, 42-4 

low voltage. 42-5 

power transformer, 42-3 

voltage regulators, 42-7 



Limiting: 
cutoff, 48-17 
grid, 43-9 

luminescence, 41-10 

overdriven amplifier, 48-18 

saturation. 48-16 
Limiting circuits: 

biased parallel diode, 48-13 

double diode, 48-14 

parallel diode, 48-12 

purpose of, 48-10 

series diode, 48-11 
Locking, 43 - 1 1 



P 

Peak inverse voltage, 42-1 

Phase shifter, 45-7 

Phase shift oscillator, 46-5 

Phosphorescence, 41-10 

Positive diode clamper, 48-2 

Power transformer, 42-3 

Pulse, blanking, 43-1, 43- 12 

Pulse, gating, 43-4 

Pulse repetition frequency, 47-5 

Push-pull deflection, 44-13 



M 

Modulation, intensity, 43-12 
Multivibrators: 

astable, 43-4 

bi-stable, 43-4 

Eccles-Jordan, 43-5 

flip- Hop, 43-5 

free running, 43-4, 43-7 

free running plate coupled, 43-8 

mono-stable, 43-4, 43-6 

start-stop. 43-5 

synchronization of free running, 43-9 
N 

Neon tube sawtooth generator, 43-2 
O 

Observation, waveform, 43-1 



RC discriminator. 45-2 
Relaxation, oscillator, 43-1 
Retrace, 43-1 
Ringing oscillator, 45-2 



Sawtooth: 

generators, 43-1 

waveform , 43- 1 
Sawtooth generators: 

hard tube, 43-1. 43-4 

neon tube, 43-2 

thyratron, 43-3 
Selector, sync, 43-11 
Selenium rectifier, 42-1 
Soft tube, 43-4 
Stable: 

bi-, 43-4 

mono-, 43-4 

start-stop, 43-5 
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S (continued) 

Step-by- step counting, 48-22 
Sufficient amplitude, 43-9 
Sweep generator. 43-10 
Sweep voltage, 43-1 
Sync: 

amplifier, 43- 1 1 

circuits, 43-1 

Ext. , 43- I 1 

selector, 43- 1 1 

synchronization, 43-1 

synchronization of free running multivibrator. 
43-9 

Synchronizing pulses, 47-7 



T 



U 



Unbiased clamper, 48-2 



Vortical amplifiers, 44-16 
Voltage, horizontal deflection, 43-1 
Voltage regulators: 

electron tube, 42-8 

glow tube, 42- 7 

shunt detected series, 42-9 
Voltage, sweep, 43-1 



Thyratron, 43-3 

Thyratron sawtooth generator. 

Time, flyback, 43-1 

Transformer, power, 42-3 

Tube: 

hard, 43-4 

soft, 43-4 



43-3 



W 

Waveform: 

observation, 43-1 

sawtooth, 43-1 
Wein bridge oscillator, 
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